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SCIENTIFIC RESEARCH AND 
SECURITY MEASURES 


N the past few months the problem of secrecy in 

scientific research in its relation to national 
security bas been widely discussed both inside and 
outside Parliament. The discussion has centred 
around the subject of atomic energy and its use, 
but the implications are, of course, much wider. The 
Atomic Scientists’ Association has now issued a 
statement relating to the security measures being 
used in Great Britain. It is said quite frankly that 
there is a division of opinion in the Council of the 
Association, one part taking the view that these 
measures are an unpleasant necessity enforced by pre- 
sent conditions, but that in their operation additional 
safeguards are needed to prevent possible miscarriages 
of justice; the other part believes that the Official 
Secrets Acts provide sufficient safeguards and that the 
special measures create a dangerous precedent. In 
any event, there is a general consensus of opinion 
that the operation of the new security measures must 
not be allowed to extend outside institutions governed 
by security regulations. The statement then goes on 
to point out some long-term disastrous effects on the 
progress of science which would follow from an 
extension of the field covered by the new security 
measures: for example, restrictions on the activities 
of distinguished men of science, decay of professional 
standards, limitation of discussion between workers 
in the same institution, and deterioration of the 
atmosphere in universities and colleges. 

A report summarizing the first year’s activities of 
the Scientists’ Committee on Loyalty Problems, 
formed by the Federation of American Scientists in 
the autumn of 1948, was published in Science of 
March 3. Although the Committee was concerned 
largely with the investigation of individual cases, to 
the number of sixty-two, and securing for individuals 
the full protection of existing regulations, it has also 
considered the general issues involved in the security 
problem. It recognizes frankly that this problem is 
the direct result of continuing international tension, 
and that the national security must be the over- 
riding consideration in these discussions. In the 
measures it recommends for securing a fair hearing of 
available evidence and preventing individual injustice, 
it does not suggest that where there is any doubt the 
national interest should not come first. 

Given this premise, the Committee considered the 
two difficult questions : to what extent must secrecy 
be carried in scientific matters so as best to protect 
the national security ; and how shall decisions on the 
potential disloyalty and reliability of a particular 
scientific worker be made. The evidence collected 
during the year on these two questions and the con- 
clusions reached by the Committee constitute the 
main interest of the report to those in Great Britain 
faced with similar problems. 

Selection of those items, whether facts, equipment 
or research projects, which must be kept secret to 
ensure national security, is, the American Committee 
believes, the touchstone in formulating a security 
programme. Once the boundaries of necessary 
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secrecy have been defined and removed from dis- 
cussion, the issues become clear and the problem 
remains one solely of people. The boundary must be 
located by deciding on the point at which restriction 
of information so hampers research that national 
security is adversely affected. So far as Great Britain 
is concerned, this truism appears to be appreciated 
by the Select Committee on Estimates and by the 
chairman of the Defence Research Policy Committee ; 
but it is hard to judge that its force is appreciated by 
the Ministry of Defence generally or the individual 
Service departments. The American Committee does 
not attempt to determine which phases of research 
are vital to defence, contenting itself, like the Atomic 
Scientists’ Association in Great Britain, with recording 
its opposition to the unwarranted spread of secrecy, 
and with the warning that any security gained by 
general secrecy of fundamental data would be rapidly 
outweighed by the diminished vigour of research. 

Dealing next with the problem as it affects persons, 
once this boundary has been determined, the American 
Committee points out that there are three principal 
reasons why extension of personnel security measures 
beyond the minimum and into the fields of general 
science is detrimental rather than favourable to 
national security. Investigation of attitudes and 
associations of individval workers represents a break 
with the traditions of democracy, to be tolerated only 
when essential to the national security. Especially as 
applied hitherto, such requirements deter capable 
men of science from entering important fields of 
scientific work. Thirdly, investigation of scientific 
men working in near-secret fields involves the risk 
that secrecy may be extended into those fields. 

In this the Committee is in full accord with the 
Council of the U.S. National Academy of Sciences, the 
opinion of which is that it is undesirable to investigate 
the credentials of candidates for Atomic Energy 
Commission fellowships who neither work on secret 
materials nor are directly preparing for work on 
projects under the Atomic Energy Commission (see 
Nature, March 25, p. 469). It makes seven specific 
proposals for reform of the procedure in security 
investigations which, if adopted, would appear to 
bring American practice much more into line with the 
spirit in which measures introduced in Great Britain 
as a result of the Prime Minister’s statement in March 
1948 have been administered. The report contains 
a significant warning that the present procedures are 
likely to deter an increasing number of prospective 
employees from applying, and that accordingly the 
State will find it increasingly difficult to obtain the 
highest quality of recruits for the research on which, 
directly and indirectly, effective national defence 
depends. This is particularly true in respect of the 
long delays in obtaining a decision under the present 
procedure, and this point, and the stress laid on the 
limitation of such investigation for security purposes 
strictly to the essential areas, should be noted for 
their bearing on conditions in Great Britain. 

Especially is this true of the Committee’s final 
conclusion as to the necessity for scientific workers 
taking an active interest in the whole security pro- 
gramme. If public opinion is to appreciate how much 
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the whole question, in Great Britain as well as in the 


United States, is a matter of balance, and is to be 


protected against a stampede into hasty and ill. 
judged measures likely to be prejudicial to the 


national interest and security through a scare arisin¢ 


out of a particular case, then scientific workers mus 
take a large share in the necessary task of education. 
Through their professional associations they could 
do much to prevent individual injustice and ma! 
representations on unhealthy tendencies, and 
Atomic Scientists’ Association should not be left 
unsupported in its efforts to deal with the se: 
question collectively. The recent debate in the Hou 
of Lords sufficiently demonstrated the need 
watchfulness and the scope in this field for con 
tributing to the formation of sound opinion and of 
constructive policy ; for such policy, while preserving 
the tradition of tolerance and the climate of freedom 
in which alone scientific investigation can flourish, 
must minimize the risk of disclosure to a potential 
enemy of information which may endanger a nation's 
safety, and also the equally grave but more subtle peri! 
that arises from those who seek to use our tradition 
of tolerance to seek opportunities for helping the 
enemies of free and democratic institutions. 

There are two points which need to be kept in 
mind here. The first is one for professional associations 
in particular, and touches on the question of pro- 
fessional loyalty. Inherent in a high professional! ideal 
is the tradition of faithful service to the society whose 
welfare a profession exists to serve. When that 
professional tradition is disregarded, not merely the 
profession but also society as a whole suffers, and 
the pursuit of truth and the advancement of science 
will both be hindered. 

That is one reason for professional men considering 
very carefully and fully this question of professional 
loyalty and ethics. The strict observance of a high 
standard of conduct and loyalty should itself assist 
in limiting the more objectionable features of ‘screen 
ing’ and in diminishing the pressure to extend such 
procedures beyond the essential secrecy areas into 
fields where the free discussion and exchange of 
thought on which science thrives is hampered. Even 
in the professional field, however, some regard must 
be had to the second point, namely, that we cannot 
insist on freedom or any other quality in society as 
worth preserving, or as vital to the preservation of 
society as is the advance of science itself, and neglect 
what authenticates these qualities and supplies their 
philosophical basis. 

Essentially the whole question of secrecy is a par- 
ticular aspect of the fragmentation of society, and it 
is idle to imagine that standards of professional 
conduct or loyalty, for example, will be raised if we 
fail to take account of the sanctions whi7h really 
uphold our ideals of freedom, or the profound philo- 
sophy and the spiritual discipline in which such fiee- 
doms and rights flourish. To improve the administra- 
tion of the measures required to ensure that within 
the defined areas only reliable and loyal persons are 
employed is not enough. We must look further to the 
underlyirg causes for such breaks with the tradition 
of science and professional loyalty. The real threat 
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to national security to-day lies deeper, in those 
processes in society which are eroding or repudiating 
the basis both of a free society and of conditions in 
which science itself flourishes. 

To some extent, even among men of science, con- 
fidence in the autonomy and invulnerability of 
science has been shaken since Mr. Middleton Murry’s 
“The Free Society” was published two years ago, 
with its warning that science is as vulnerable as the 
free society itself, and is ultimately dependent on it. 
That we should still find men of science disregarding 
and even whittling down the continuous tradition of 
scientific integrity, created and continually renewed 
by conscience, is nevertheless a disturbing feature of 
the situation. If the debate on human rights does 
no more than clarify thinking about professional 
responsibilities and the philosophical besis on which 
they and the freedom of investigation and discussion 
or publication depend, it will have been worth while. 

Hitherto, Great Britain has been comparatively 
free from the secrecy hysteria, and the revelation of 
a serious lapse or two in the administration of the 
security system has not greatly alarmed the public 
mind. There is danger, however, in complacency no 
less than in hysteria; and recent events are a 
reminder of the deeper issues underlying loyalty to 
the State and to the professional tradition of groups 
within the State. To renew that loyalty and to safe- 
guard more effectively the tradition of scientific 
integrity promotes both the advance of science and 
the resolution of the clash between the broad require- 
ments of national security and the narrower demands 
of strict military security. These require, however, 
more fundamental thinking about the whole philo- 
sophical basis of freedom, and the extent to which, as 
Bagehot pointed out a century ago, toleration and 
discussion, with what they connote in freedom of 
investigation and communication, depend on the 
maintenance of a mature and a civilized outlook. 
To the extent to which the universities and tech- 
nological institutions responsible for training our 
professional men and women equip them to appre- 
ciate and think clearly on the basis of their pro- 
fessional responsibilities, they will also provide 
the nation with those who are equipped to deal 
wisely with this question of restraining the intolerant 
minority without in the process threatening the 
essence of a free society. 


FLUORESCENCE AND 
PHOSPHORESCENCE 


Fluorescence and Phosphorescence 

By Peter Pringsheim. Pp. xvi+794. (New York 
and London: Interscience Publishers, Inc., 1949.) 
120s. 


EFORE 1927, when Prof. P. Pringsheim published 
his well-known ‘“Fluoreszenz und Phosphor- 


eszenz”, the subject appeared intensely interesting 
to a few specialists, but to be almost devoid of 
practical application. Now a revolution has occurred 
in the electric-lighting industry through the develop- 
ment of fluorescent lamps, luminous screens are used 
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for X-rays and in thousands of cathode ray tubes for 
television, radar and testing equipment, while during 
the Second World War certain phosphors were used 
in conjunction with infra-red searchlights to enable 
troops to ‘see’ in the dark. It is not surprising, there- 
fore, that considerable effort in recent years has been 
put into research work on solid luminescent sub- 
stances. Indirectly, also, investigations on gas and 
liquid luminescent phenomena have been stimulated. 
The commercial production of delicate photo-cells and 
electron-multipliers has greatly facilitated the accurate 
measurement of feeble light sources, and has per- 
mitted the manufacture of reliable fluorimeters for 
the estimation of minute quantities of such substances 
as urany! salts or riboflavine. 

The author’s interests, in this book, are confined to 
the academic aspects of the subject. He has made a 
life-work of following its historical development, to 
which his own researches have contributed, and has 
collected nearly two thousand references to papers 
concerned with attempts to understand the complex 
phenomena observed. On these he has founded his 
text, which provides a clear, balanced, fair and com- 
plete account of present knowledge. The field is 
surveyed and described with an unostentatious 
mastery of detail, without recourse to brilliancies of 
speculative or controversial statements. The student 
seeking the facts of the relative parts played by 
different investigators in building up the subject 
could not wish for more easily accessible informatien. 

The subject is naturally divided into the fluores- 
cence and -phosphorescence phenomena of gases, 
solutions and crystalline solids, and within each part 
the emphasis of interest falls on different aspects. 
Molecules in gases usually have very sharp energy- 
levels manifested as very narrow lines in their spectra. 
Work on fluorescence of monatomic molecules shows 
the great importance of ‘energy resonance’ for transfer 
of electronic energy from one molecule to another ; 
under favourable conditions, energy is transferred 
over distances very much greater than ordinarily 
used atomic diameters. The effects of pressure and of 
added gases in removing vibrational or electronic 
energy from polyatomic molecules, cr of redistributing 
vibrational] energy within the molecule, can be studied 
by changes in the fine structure of the fluorescence 
spectra. Because many gases have fine-structured 
spectra which are very sensitive to collisional effects, 
fluorescence of gases is a complex subject with many 
potentialities of providing an insight into inter- and 
intra-molecular processes. 

In contrast to this, the fluorescence spectra of 
solutions are simple, and so lacking in structure that 
little detailed information is obtainable from them. 
Solution fluorescence bands are almost independent 
of the wave-length of the exciting light, showing that 
the light emission occurs from molecules which have 
been brought to the lowest vibrational level of the 
excited state by collisions. Interest here centres on 
quenching processes by which electronic energy is 
either utilized chemically or degraded to heat. The 
latter process is always visualized as the crossing or 
near approach of the potential-energy curves of the 
ground and the excited states of the molecule, so that 
a nuclear configuration exists which is the same for 
both. An electronically excited level with low 
vibrational energy can pass over at this point into a 
ground-level molecule with high vibrational energy. 
This process can occur intra-molecularly in a poly- 
atomic molecule and is aided by rise of temperature 
or the introduction of certain groups such as —NO, ; 
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it is also facilitated by collisions with polarizable 
molecules or by van der Waals interactions in general. 
In other instances, quenching can be associated with 
chemical interaction, which often may be of an 
‘electron-transfer’ character. 

Another feature of solution luminescence is the 
appearance of long-lived phosphorescence or ‘slow 
fluorescence’ for many substances when they are 
examined at low temperatures. These effects are 
attributed to ‘triplet’ or ‘diradical’ excited levels of 
the molecule and provide information of very great 
importance to energy-level theory and for the elucida- 
tion of the mechanism of photochemical changes. 

The luminescent phenomena of solids are proving 
the most difficult to interpret in spite of the heavy 
concentration of research on the subject. Pure 
fluorescent crystals at low temperatures show fine 
line spectra which are even more complex than those 
of gases. The usual ‘impurity activated’ solid phos- 
phors, however, err to the opposite extreme and give 
structureless bands of little diagnostic value. Agree- 
ment has not yet been reached on clear explanations 
of the nature of the absorption processes in many 
instances of important inorganic phosphors, on the 
mode of energy transfer to the ‘luminescent centre’, 
on what a ‘centre’ is, on the emission process, on the 
so-called ‘traps’ required to explain long-delay 
phosphorescence, and on the relation of ‘traps’ to 
‘centres’. These substances are usually raised to 
luminescence by use of a Wood’s black-glass light- 
filter. It almost appears as if their theoretical inter- 
preters also view them ‘through a glass darkly’, or 
through the one-time French version of an ‘écran 
de bois’. This obscurity must doubtless yield in 
time and formal jargon be replaced by molecular 
concepts. 

The encyclopedic nature of Prof. Pringsheim’s 
volume makes it an indispensable reference book for 
the student who requires either an overall picture of 
the subject or detailed information on any particular 
part. The standard of factual accuracy is very high ; 
but many typographical errors remain for correction 
in a later edition. E. J. BowEn 


HANDBOOK OF METALLURGY 


Metals Reference Book 

By Dr. Colin J. Smithells. Pp. xvi+735. (London : 
Butterworths Scientific Publications, Ltd.; New 
York: Interscience Publishers, Inc., 1949.) 60s. net. 


HETHER metallurgy started as a branch of 
chemistry or whether chemistry developed from 
the metallurgical art there can be no doubt that in 
the past generation a complete re-orientation has 
occurred, as a result of which the linkage is now with 
physics. This fact is most clearly demonstrated by 
the general content of this really important book. 
That metallurgy is not, however, merely a branch of 
applied physics finds adequate expression in the 
data regarding classical crystallography and crystal- 
chemistry, in an excellent physico-chemical treatment 
of gas-metal systems and of diffusion in metals. 
Normal metallographic techniques and, in particu- 
lar, electrolytic polishing and etching are discussed 
at length, and clearly show the rapidity with which 
the electrolytic methods of polishing are replacing 
older ones. The outstanding importance of the 
thermal equilibrium diagram is reflected in the hun- 
dred pages devoted to the diagrams of the binary 
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and ternary systems, and even the first stages of a 
few quaternary ones. It is of very great value to 
the metallographer to have these collected toy: ther, 
and, although in a few cases the diagrams are ~:nall, 
they provide an adequate picture of the phase. and 
the compositions and temperatures at which c! wes 
occur. 

Taken all in all, the book is the ideal treatment, 
with an emphasis on the basic physical properties with 
which the metallurgist is likely to be concerne:|, but 
yet with that firm foundation of normal motallo. 
graphic outlook and fact. Further, it is no mere 
compilation of data ; there is throughout an adequate 
discussion of the subject-matter of the particular 
field to which the data refer. Quite apart fror the 
more theoretical aspects to which attention has so 
far been mainly directed, there is, in the last third 
of the volume, a discussion of more immediately 
practical subjects, such as mechanical properties of 
alloys, both at ordinary and at elevated tempera. 
tures, data relating to the foundry, to heat-treatment 
and to refractory materials, electrolytic processes, 
soldering, and so on. 

Under the editor, his assistants and the long list 
of expert contributors, one would expect to find an 
authoritative treatment of everything dealt with. 
That expectation is fully realized, and from beginning 
to end there is nothing either superficial or slipshod. 

F. C. THompson 


ALGEBRAIC SURFACES 


Le Superficie Algebriche 
By Federigo Enriques. Pp. xv+ 464. 
N. Zanichelli, 1949.) 3,000 lire. 

HEN F. Enriques died in 1946, he left an 

almost completed volume on algebraic surfaces 
which was intended to be a definitive account of his 
chief scientific activity. The preliminary sketches for 
this work had been published much earlier, in two 
parts, with the collaboration of L. Campedelli: the 
first appeared in lithographed form, in 1932, under 
the title, “Lezioni sulla Teoria delle Superficie 
Algebriche”, while the sequel was issued by the 
Mathematical Seminar of the University of Rome 
two years later. During the period 1938-45 of forced 
retirement, Enriques gave much thought to its 
possible successor, which should not merely cover 
more ground—almost the whole of it being his own 
contribution—but which should also attempt to fill 
certain lacune which had made themselves evident 
in the preceding twenty-five years. 

While the former aim has been achieved, both by 
an ampler account of the earlier theory and by fresh 
contributions from the author, the latter has, unfortun- 
ately, not been completely realized, even though two 
of Enriques’s pupils, Profs. G. Pompilij and A. 
Franchetta, have given much devoted labour to the 
revision of the manuscript. The serious gap in the 
theory is there, as it has always been, in the account 
of continuous systems of curves on a surface. For 4 
whole generation the ablest geometers have devoted 
their attention to this question, so far without success ; 
and in the present volume Enriques has done little 
more than repeat some hints, rather than proofs, 
towards a solution of the difficulty. He has added 
a historical sketch of the efforts that have been 
directed to this end, which makes interesting, if 
melancholy, reading. 


(Bologna : 
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One is bound reluctantly to regret that this book, 
while going farther and deeper than its predecessors, 
should not at the same time have preserved all their 
merits. In fact, it is the case that the first volume of 
Enriques—Campedelli (now long unobtainable) is still 
by far the best introduction to the subject, as well as 
being an extraordinary illustration of didactic skill : 
in some ways, of course, it must have been easier to 
write In another respect, moreover, the more 
elementary work has a decided advantage over the 
treatise; for the account of double planes given in 
the latter is really inadequate unless the reader is 
assumed to have previous knowledge of the matter 
under discussion. 

But with these reservations one can have nothing 
but praise for the book ; written with all the author’s 
characteristic lucidity, it takes us, in its eleven 
chapters, from the first notions of birational geometry 
on a surface (the foundations of which were laid by 
Enriques himself when scarcely more than a student) 
to the classification of surfaces by means of their 
genera and plurigenera, which is one of his most 
striking discoveries. On this long road we encounter 
not only the topics which must perforce find a place, 
but also fascinating details of lesser importance, the 
whole adorned, as is Enriques’s invariable custom, by 
historical notes at every stage. The treatise, which is 
exceedingly well printed, is indispensable to any 
mathematical library and will for long remain a 
monument to its author’s memory. As though to 
complete the picture of what must be considered the 
crowning glory of Italian geometry, there is an 
interesting preface by Senator G. Castelnuovo, who 
was Enriques’s collaborator in its creation. 

L. Rorn 


CAUSATION OF MENTAL 
DEFICIENCY 
The Biology of Mental Defect 


By Dr. Lionel 8. Penrose. Pp. xiv 
(London: Sidgwick and Jackson, 
2ls. net. 


| 285+-7 plates. 
Ltd., 1949.) 


 Bewy: is an excellent book, although by no means 
an easy one to read for those unequipped with 
a knowledge of statistics and genetics. Nevertheless, 
it is, even for those, a rewarding one. Prof. L. 8. 
Penrose, who is Galton professor of eugenics at 
University College, London, has made genetics his 
chosen study and is well known for his work in this 
field. His previous publications have been on mental 
deficiency and heredity. This present book is not 
a text-book but a general discussion on mental 
deficiency from the broadest possible point of 
view. 

Although most of the book is devoted to the 
genetic side, there are chapters on the historical 
background and the incidence and nature of defici- 
ency, as well as the principles of classification. The 
author’s point of view is a relief from the older type 
of text-book in which uncertainties dogmatically 
stated have been copied from still older ‘authorities’. 
Prof. Penrose goes consistently to the recent original 
publications, and almost every chapter gives new 
facets suggestive of fresh areas for research; and, 
indeed, the worker in mental deficiency wall find this 
book well worth reading for the indications of fields 
which have not yet been worked. 
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Naturally, many of the old fallacies, which were 
the foundations of the older text-books, are shaken 
by statistics which appear incontrovertible. An 
example of this is the dearly loved theory of ‘blasto- 
phoria’, or damage to the germ-plasm by alcohol or 
other poisons. Prof. Penrose points out that the 
Colchester Survey showed that the children of 
alcoholics were to be found no less numerous and no 
more defective than the children of non-alcoholic 
parents of similar mental grades. Another theory, so 
strongly supported by Mott in the early years of this 
century, was that of ‘anticipation’, which was that 
the germ-plasm once vitiated showed a tendency to 
degenerate over a long period. The author deals this 
theory a sharp blow by stating decisively that “‘the 
main difficulty in accepting the hypothesis of antici- 
pation is its total lack of support from observations 
in the field of animal genetics’’. 

Prof. Penrose is most interesting in discussing 
causation in his own field, and he deals in a 
masterly fashion with the problems of mutation, 
rare dominant and recessive genes, additive genes, 
sex-linked genes and so on. However, he has by no 
means & closed mind on the influence of environment, 
and quotes work by Freeman, Hozinger and Mitchell 
on the intelligence of children placed in foster homes 
and the “significant tendency to develop resemblance 
to the foster parents, both in mental level and in 
behaviour”. These findings seem to have been sup- 
ported by the work of Burks and of Wellman. As 
Prof. Penrose points out, the results show that “the 
post-natal environment can contain decisive psycho- 
logical factors tending to cause or prevent the 
development of mental defect”. This is one of the 
valuable suggestions for research which the author 
makes and, if confirmed, might have tremendous 
effect on our treatment of the defective. It suggests 
that the child born in a defective home should be 
removed as soon as possible before this stultifying 
effect of the parents inhibits its mental develop- 
ment. 

The book does not deal entirely with genetically 
determined mental deficiency, but a chapter is 
devoted to defects of obscure origin and those due 
to environment. Everywhere Prof. Penrose shows 
his judgment by cautiously weighing up the evidence 
and, if the causal factors are not clear, pointing 
out the various possibilities. Even such matters as 
gonadal degeneration in schizophrenia, which has been 
looked at sceptically in recent times, he considers 
worthy of investigation in dementia preecocissima. 

Since mental deficiency is usually an unhopeful 
illness to treat, not a great deal of the book is devoted 
to therapy; but such help as can be given to the 
patient is suggested. Valuable notes are recorded on 
eugenic prognosis, preventive treatment and psycho- 
logical training. There are twenty-three pages of 
references and ten appendixes. The index is the most 
unsatisfactory part of the book, and it is not easy 
to discover page references from it. For example, 
there is no mention of “Blastophoria” under B, but 
it is concealed under “Germ Plasm Injury”; and 
again “Incest”’ is not under I, but only under “Con- 
sanguinity”. These cause an irritating delay when 


one wishes to re-discover some fact noted in reading. 
However, these are very minor faults, and perhaps 
to amplify the index would have made it too un- 
wieldly. The production of the work is excellent: the 
printing is on good paper, and the dark-blue binding 
is suitable for a scientific bookshelf. 

CLIFFORD ALLEN 
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JUBILEE OF THE UNIVERSITY OF BIRMINGHAM 


By Dr. MARTIN JOHNSON 


N May 4-5 the University of Birmingham cele- 

brates the half-century since its emergence 
from the Mason University College, and some survey 
of its achievements and prospects is appropriate, 
particularly in the scientific field. In emphasizing in 
Nature the scientific departments, it is worth remem- 
bering that even the original Mason College catered 
for all studies (except theology, banned until the 
present generation), although the three main streams 
feeding into it were undoubtedly scientific, technical 
and medical. It is a healthy sign of balance that 
to-day many in Britain or abroad think of the 
University of Birmingham primarily as the fortunate 
possessor of the Barber Institute of Fine Arts, where 
paintings by Rembrandt, Rubens, Tintoretto, Murillo, 
Gainsborough, Corot and Monet may be seen, with 
ancient Egyptian, Chinese, Persian, Greek and 
modern sculpture, and where music is performed by 
the world’s greatest artists when they visit England ; 
the situation of this unique gallery within a few 
yards of the physics laboratories may be a symbol 
that this University is not one-sided, a symbol made 
real when the large proportion of scientific workers 
among the Barber audiences is noticed. 

Another achievement in balance is the association 
and co-operation between fundamental and applied 
sciences. Pure mathematics had flourished for a 
generation under Prof. G. N. Watson, but only just 
before the Second World War was a Department of 
Mathematical Physics created, under Prof. R. E. 
Peierls, around whom are now gathered researchers 
from half a dozen European countries, from the 
United States and from the Dominions. The har- 
nessing of this Department with the larger team of 
experimental physicists under Prof. M. L. Oliphant 
led to vital contributions by this University to the 
war needs: the cavity magnetron, described by 
responsible American opinion as “the most valuable 
of all reversed lease-lend”’, was devised in the 
Birmingham laboratory, before the team migrated 
overseas to carry out the atomic plans which Peierls 
himself had been creating in Birmingham, and to 
which the local work of the late Sir Norman Haworth 
had contributed the chemical developments. Since 
the War the largest item in Birmingham physics has 
been the completion of the 300-ton cyclotron, and 
the early stages of the 800-ton proton synchrotron, 
though the laboratory is not confined to nuclear 
research ; in fact, huminescence of the solid state, 
dielectrics, experimental gas kinetics and biophysical 
and astronomical topics are also under investigation, 
quite apart from the separate flourishing Department 
of Electron Physics under Prof. J. Sayers. The long 
and distinguished tenure of the chemistry chair by 
the late Sir Norman Haworth yielded a great school 
of research in carbohydrates and vitamins, among 
other names in which have been Prof. E. L. Hirst 
(now of the University of Edinburgh), Prof. 8. Peat 
(now of the University College of North Wales) and 
Prof. M. Stacey, who is still in Birmingham as head 
of the organic chemistry side. In the last few years 
the Chemistry Department has developed another 





large-scale enterprise, this time in physical chemistry, 
under Haworth’s successor, Prof. H. W. Melville 

In the biological sciences, apart from medicine, Prof, 
W. Stiles in botany, a succession in zoology incliding 
Profs. H. Munro Fox, Lancelot Hogben, and now 
P. B. Medawar, who is also dean of the Faculty 
of Science, have initiated research schools to which 
there is recently added the genetics laboratory under 
Prof. K. Mather. Geology has always been a live subject 
of Birmingham research, as well as of auxiliary teaching 
to mining and engineering students, ever since the 
pioneer days of Lapworth, while a rapidly expanding 
Department of Geography, including meteorology 
and modern methods of regional survey, serves the 
Faculties of Arts and Commerce as well as Science. 
It is natural that, in its Midland situation, the 
University should be looked to for fundamental 
research and teaching in metallurgy, in addition to 
the more universal topics of mechanical, civil and 
electrical engineering, and under Prof. D. Hanson 
the Department of Metallurgy now includes three 
other chairs and a large research staff, divided into 
teams working on physical, electronic, and atomi 
aspects of the metallic state, and a separate organ- 
isation for industrial metallurgy in close touch with 
the manufacturing world. In the earlier days under 
Sir John Cadman, mining and oil technology were 
already attracting students to Birmingham from all 
over the world ; this work is now organised under a 
professor of mining and two of chemical engineering, 
each with international recruitment of research 
groups. 

The University Medical School had grown out of a 
nineteenth-century college and the individua) teach 
ing of some famous pioneer surgeons at the great 
Birmingham hospitals. Its present position in the 
forefront of British medical education owes much to 
the enterprise of the 1930's in building a large ultra- 
modern teaching hospital adjacent to the University, 
a plan developed through the vision and indefatigable 
labours of Stanley Barnes, the great neurologist, Sir 
Charles Grant Robertson, and Sir Harry Vincent. It 
would be invidious to pick out particular departments 
in a school whose glory is its uniform excellence ; 
but one should mention in clinical studies the 
Children’s Hospital developed by Sir Leonard 
Parsons, who is still dean of medicine, and the 
Dental School under Col. H. F. Humphreys, who is 
now vice-principal of the University. In pre-clinical 
work, the great research teams under Zuckerman 
(anatomy), and under Gilding (physiology) and 
Frazer (pharmacology), would make the place famous 
even if there were no others. 

In the last twenty years a large Faculty of Com- 
merce and Social Science, under Prof, Sargant 
Florence and a brilliant corps including Americans 
and Russians, has grown out of the Economic and 
Regional Industrial Department created by Sir 
William Ashley and Prof. J. G. Smith, sometime 
vice-principal of the University. Its interest in the 
human as well as the economic owes much to the 
Birmingham philosophers, Muirhead and later Russell, 
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who regarded social ethics as the livest of topics. 
The Faculty has become the recognized consultant 
and training ground on all matters, local and national, 
of industrial administration. 

Another organisation also recently outgrowing its 
ancestry is the Institute of Education under Prof. 
M. V. C. Jeffreys, the research centre to which look 
the training colleges and education authorities of the 
Midland counties. The most widespread of these 
extensions of University influence outside its walls is 
the Extra-Mural Department, under D. R. Dudley, 
who controls many part-time and full-iime tutors of 
hundreds of classes throughout the Midland counties : 
a feature distinguishing this from the earlier Workers’ 
Educational Association and ‘university extension 
classes’ is the inclusion at a high level of specialist 
postgraduate courses and residential week-ends 
serving as refresher courses to professional men 
and women who feel in danger of losing touch 
with the rapid growth of their subjects since student 
days. 

The welding of all these enterprises, many com- 
pletely new in this generation, into a loyal and 
friendly community is due to the personality of the 
present vice-chancellor, Sir Raymond Priestley. 
Besides the more usually recognized academic duties, 
he has made a unique place in modern university 
administration by his constant and shrewd under- 
standing of undergraduate life and feeling ; although 
maintaining closer touch with students than most 
academic heads, he has insisted on student autonomy 
in the managing of their own buildings and laws and 
finances, to an extent not known elsewhere. He has 
also created the Department of Physical Education. 
Under its head, A. D. Munrow, the staff of this 
includes men and women of international fame as 
athletes who are moreover distinguished for their 
wisdom and insight into student needs. There are 
two full-time medical officers, available to the whole 
University, and there is a highly organised office of 
the Lodgings Warden; it is no longer possible 
to reproach the provincial university, so far as 
Birmingham is concerned, with caring little what 
happens to the student outside of class and exam- 
ination. 

The barrier now obstructing Birmingham’s full 
utilization of these expanding schemes is lack of 
buildings: it has residential halls for not more than 
three hundred of its 3,500 students, and even the 
teaching in arts and law remains in the outworn 
building which was Mason College in the city centre. 
tefore the War the rehousing of these faculties 
alongside the great scientific and medical buildings 
at Edgbaston, three miles out, was about to begin, 
and there is land in plenty on the site ; but in a city 
where 100,000 buildings were bomb-damaged and 
where 40,000 families await domestic rehousing, it is 
obvious that licences and materials for such large- 
scale academic construction are bound to be drastic- 
ally in arrear. In fact, small additions to the buildings 
for medicine and physics, and the rebuilding of those 
for mechanical and electrical engineering and indus- 
trial metallurgy, are the only walls now new. But 
the problem is not only “How can a government 
assign priorities ahead of housing ?”’, and the Mid- 
lands are also beginning to ask, “Can the community 
afford to delay longer the unifying of a great academic 
centre on a single site, the fusing of all faculties 
into that common mind of scholarship without 
which the University’s service to the public is 
crippled ?” 
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THE SCINTILLATION OF STARS 


N two recent communications’, Prof. H. Hartridge 
expresses doubt about the physical explanation 
of the scintillation of stars. Now these phenomena 
have been extensively studied in a series of classical 
papers which are reviewed and summarized in 53 
of Pernter-Exner’s “Meteorologische Optik” 
(Wien, 1922), or in Danjon’s ‘““Lunettes et Télescopes”’ 
(Paris, 1935), and there would be little point in 
repeating explanations so well established. The 
observations which Prof. Hartridge requires as a test 
have already been made and fully confirm the physical 
theory. 

(1) Movements of the star images at right-angles 
to the line of sight are not visible to the naked eye 
because they are too small, but they are known to 
every astronomer. They have been recorded as a 
function of time by Schlesinger* and by other authors, 
and are found to be of the order of a few seconds 
of arc. 


(2) Prof. Hartridge expects that these star move- 
ments should take place preferentially in the direction 
of the wind. This is a misapprehension; the striz 
follow the wind, but the refraction is at random. 
This motion of the striw is evidenced by the undu- 
lations at the limb of the sun and by photographic 
records*, 

(3) Prof. Hartridge expects that owing to scin- 
tillation the star images would be drawn out into 
spectra. This is a widespread misconception. The 
displacement of the star being so small, an additional 
dispersion effect would be wholly unobservable. The 
origin of the coloured scintillation is the regular 
atmospheric refraction, due to which a green ray and 
a red ray of the star travel at an increasing distance 
from each other, and so pass through different strix 
and scintillate independently. Very interesting 
spectral phenomena of the scintillation, noted by 
Respighi, are slightly more complicated but can be 
satisfactorily explained. 


(4) A comparison between the scintillation as 
observed by the right and by the left eye is very 
difficult, and requires a great deal of practice. R. W. 
Wood was able to observe the difference between 
the scintillation for the left and for the right eye, 
which proves that most striz are smaller than 7 cm, 


(5) A stereoscopic effect cannot be expected (a) 
because the lateral displacements are unobservable 
with the naked eye anyway; (b) because the phen- 
omenon is much too rapid to permit of binocular 
adjustment. 


(6) Prof. Hartridge does not see how the physical 
theory could explain the observed variations in 
brightness. These variations in brightness are due 
to variations in the convergency or divergency of 
the rays; it can be shown quantitatively that the 
small changes in direction may cause considerable 
variations in brightness. These variations have been 
recorded on a photographic plate? and may be 
demonstrated with a photocell and a cathode ray 
oscillograph. I wonder how physiology would explain 
the striking difference in scintillation between stars 
at high and at low altitude above the horizon. 


As to physiological phenomena, I would not like 
to reject them altogether. It is said that stars are 
seen to scintillate somewhat more in the twilight ; 
also, that reddish stars seem to scintillate more than 
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white ones. Such details may perhaps be accounted 
for by physiology. 
M. MrnnNAERT 
Sterrewacht “Sonnenborgh”’, 
Utrecht. 

* Nature, 164, 999 (1949) and 165, 146 (1950). 
* Mon. Not. Roy. Astro. Soc., 87, 506 (1927). Strémgren, B., Fesatskr. 

Norlund, 1945; etc. 
* Minnaert and Houtgast, Z. Astrophye., 10, 86 (1935). 


Nong of the correspondents writing on this subject 
appears to have taken into account the fact that, as 
viewed by most people, most of the stars do not 
seintillate when observed with the naked eye from 
& point within the tropics. This at any rate is my 
clear recollection after spending more than three 
years in the tropical zone. 

H. F. H. Jones 

Daneway, Rothley Plain, 

Leics. 


Pror. HartripGe! may well inquire whether a 
subjective element contributes to the scintillation of 
stars, for there is more in twinkling than meets the 
eye. But tremulous images are not entirely due to 
the observer; they can be detected by the photo- 
graphic plate. Schlesinger* discovered changes in 
atmospheric refraction which give rise to small 
oscillations of the telescopic image, with an amplitude 
of about 1” and a period of about 1 min. Even 
zenith stars are affected’, though to a less extent 
and with a shorter period. The effect on twinkling 
caused by these irregularities of refraction could per- 
haps be determined by visual and photographic 
measures made simultaneously. 

On the other hand, Prof. Hartridge will derive sup- 
port for his ideas from the motion of ‘jumping stars’ 
(the so-called Sternschwanken), into which, in some 
cases at least, a subjective element would seem to 
enter‘, especially when the eye is tired. As regards 
dispersion, stars near the horizon sometimes appear 
to be drawn out into short spectra ; at smaller zenith 
distances the dispersion wouid not be appreciable. 

KENNETH HARRISON 

King’s College, 

Cambridge. ° 
' Nature, 165, 146 (1950). 
* Schlesinger, F., Mon. Not. Roy. Astro, Soe., 87, 506 (1927). 
* Barocas, V., and Withers, R. M. J., Observatory, 68, 153 (1948). 
* Weyer, G. D. E., Astro. Nachricht., 119, No. 2841 (1888). 


Tue observations of scintillation of stars reported 
by Gregory and by Morton! can be extended and 
confirmed by simple experiments. Using either field- 
glasses or a hand telescope, the image of a star such 
as Sirius can be made to move rapidly in circles over 
the retina. By controlling the shaking of the hands, 
the period of the movement and the size of the circles 
can be varied at will. The image of a star then 
appears as a circle of light, and the scintillation is 
seen as variation in the brightness and the colour 
of different parts of the circle. 

If stellar scintillation were largely a_ retinal 
phenomenon, as suggested by Hartridge and Weale?, 
the pattern on the circles would be expected to vary 
little with changes in the period of oscillation of the 
image, or the size of the circles traced out. If the 
effect is largely atmospheric, the rapidity of the 
brightness changes will not be affected by the move- 
ment, so that the appearance of the bright lines 
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on the retina will change from lines of coloured dots 
to coloured streaks as the speed of movement of the 
image increases. This is found to be so. Scintillation 
is very obvious with bright stars like Sirius down to 
those in the Pleiades, even in a telescope giving a 
magnification of x 20. Planets show scarcely any 
trace of this effect. 

Morton’s observation of Sirius through misted 
glass can readily be repeated by defocusing, and the 
defocused image can be moved as before. Scintillation 
is still visible, and is clearly almost synchronous over 
the whole disk of the image. Although the ‘boiling’ 
effect mentioned by Gregory shows as an occasional 
flash in the width of the ribbon of light, flashes 
must cover hundreds of times the retinal area covered 
by the image of the star when in focus. 

It would be interesting to know what effects could 
be observed with Prof. Hartridge’s apparatus if his 
small bright light were viewed in a slightly agitated 
mirror. 

G. C. VARLEY 

Jesus College, Oxford. 


* Nature, 165, 146 (1950). 
* Nature, 164, 999 (1949). 


THERE are a few simple experiments, perhaps not 
widely known, which have a bearing upon the 
physical interpretation of this phenomenon. 

We have at the Royal Observatory, Edinburgh, 
a 6-in. objective prism set up in combination with a 
5-in. aperture (5 camera lens. The spectrum of 
Sirius on a ‘scintillation’ night appears as a narrow 
line of rainbow colours about j in. in length. Viewed 
through a low-power lens, the light in any part of the 
spectrum appears to show little fluctuation. If the 
viewing lens is now given a rapid vibration of smal! 
amplitude in the direction at right angles to the plane 
of dispersion, so that the spectrum is broadened and 
separated out into its time elements, a most surprising 
effect is seen. Each of these elementary spectra has 
one or more broad regions of colour missing: some 
exhibit only red and violet, others green or blue, and 
so on. Moreover, each of these patterns is seen to 
be changing along the length of the spectrum with 
great rapidity and in an apparently haphazard 
fashion. When the lens stops vibrating the time 
elements become superposed and the eye integrates, 
by the persistence of vision, all these instantaneous 
patterns, so that we obtain once more what is the 
normal state of affairs, a steady continuous spectrum. 
It seems that this phenomenon was first reported 
by Respighi in 1872. 

We must infer, therefore, that when we observe a 
scintillating star directly, either with the unaided eye 
or through a small telescope, the ‘white’ image which 
we see is, in fact, composed of a succession of colours 
changing at such a high frequency that the eye is 
unable to distinguish them separately. If this be 
correct, it follows that we should be able to observe 
these colour changes in the image of a star if only 
we could separate them out on a time base. 

Now this can be done by very simple means. Take 
a pair of prismatic (or Galilean) binoculars, focus on 
Sirius, or any other Ist mag. star at low altitude. Then 
give by hand to one end of the instrument a rapid 
rotary motion, so that the star image appears to be 
drawn out around the circumference of a small circle, 
oval, or figure-of-eight. The observed effect is one of 
extreme beauty: the line of light is seen to be 
divided up into a splendid array of sparkling colours. 
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One part of the curve is red, another green, another 
purple, some are of mixed shades ; indicating that 
the colour of the image (which is normally time- 
integrated by the eye, as in Newton’s ‘colour disk’) 
is differentiated out into a constantly varying colour 
sequence. With a pair of light red filter-glasses placed 
in front of the eye-lenses, the star is seen to go right 
out about thirty times a second, the circle of light 
now being discontinuous and composed of red arcs 
separated by dark spaces. Frequency may be estim- 
ated roughly by comparison with a mains-run neon 
lamp placed in the same field of view. These colour 
changes decrease with increasing altitude, but on 
frosty nights when the ‘seeing’ is poor, they can be 
seen even in bright stars near the zenith. If we turn 
next to Saturn, which at the time of writing is readily 
bservable at the same altitude as Sirius, we find that 
the colours are entirely absent—the ‘time-base’ ring 
flight is quite uniform both in colour (a pale yellow) 
ind intensity. 

It seems very desirable, from the astronomical 
wint of view, that the physical characteristics of 
these colour variations in star images should be 
nvestigated in greater detail, especially in regard to 
their dependence upon meteorological conditions and 
upon telescope aperture. One method which suggests 
tself is to direct the converging beam through a narrow 
band-pass filter before it reaches the principal focus 
ff the telescope and there to receive it in a multiplier 
photocell. If the main beam were interrupted at a 
suitable frequency and the cell output displayed on 
the time-base of a cathode-ray tube, the fluctuations 
of intensity could be measured in light of different 
colours. 

Seeking a physical explanation for these effects, 
t seems clear that the foci for the various wave- 
engths must be oscillating rapidly in and out along 
he line of sight. This must arise from the inter- 
position in the parallel beam of starlight of weak 
atmospheric ‘lenses’—some effectively converging, 
some diverging—forming and dissolving at a fre- 
yency of perhaps thirty times a second. It seems 
ikely that these air lenses are identical with the 
moving strize which have been postulated by R. W. 
Wood and others to account for scintillation and 
shadow-bands’. Chromatic aberration will be 
nherent in such lenses and will bring different colours 
to separate foci. As the lenses ‘bulge in and out’ 
and change their power, these colour foci may be 
expected to oscillate backwards and forwards in the 
line of sight. Visible scintillations probably arise 
from occasional abnormally large oscillations of this 
Finally: Do ‘monochromatic’ stars, like 
Antares, appear to scintillate more noticeably than 
white ones, like Sirius ? 


type. 


M. A. ELLison 
Royal Observatory, 
Edinburgh 9. 


[ne following observation seems to show that any 
physiological component’ in the twinkling of the 
brighter stars is negligible compared with the 
physical. If half of a 1 cm. x 2 cm. rectangular 
hole in a sheet of cardboard is covered with a prism 
deviating light through about 7°, its apex towards 
the middle of the hole, an observer about 50 cm. 
behind the hole can place himself so that he sees 
one star through both halves of the hole, light from 
the uncovered half passing straight to one eye, light 
from the covered half being deviated by the prism 
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to the other eye. If now the observer (assumed 
emmetropic) puts on —2D spectacles and converges 
his eyes to the hole, he sees two well-focused images 
which, if of a bright and twinkling star, can easily 
be seen to twinkle almost exactly synchronously. 

This is what is to be expected on R. W. Wood’s 
explanation of twinkling, if the bright and dim bands 
in which a star is at any instant illuminating the 
earth’s surface are of a size greater than about 1 cm., 
the distance between the rays passing from the star 
to the eyes in my observation. That they are so can 
be observed directly: if the eye is placed at the 
image of a star in a large convex lens, these irregular 
bands of light and darkness can be seen flitting 
across the lens. They are about 2-10 cm. in width. 

Any physiological explanation of synchronous 
twinkling in this observation would necessarily apply 
also if the images seen in the two halves of the hole 
were not of the same star but of different stars of 
the same magnitude. This alteration can be achieved 
by removing the prism and suitably adjusting the 
distance and position of the hole; and it is then 
seen that the twinkling of the two images is not 
synchronous. 

G. S. BRINDLEY 

London Hospital Medical College, 

Turner Street, London, E.1. 
' Hartridge, H., Nature, 164, 999 (1949), and 165, 146 (1950). 


BEFORE replying to the above letters there is one 
point which seems to require elucidation, namely, 
the exact meaning of the word ‘scintillation’. Mr. 
Weale and myself, following the lead of Prof. R. W. 
Wood, limit it to two alterations only, namely, 
brightness changes and colour changes, and this fact 
we tried to make clear in our first letter to Nature. 
But it is obvious from many personal letters which 
we have received that some other people use the 
word in a much broader sense, and include such 
things as the apparent oscillatory movements of a 
star image at right angles to the line of sight as seen 
through an astronomical telescope, or the changes of 
focus which are also sometimes observed. ‘‘Scin- 
tillations can be photographed” they write. Further 
inquiry shows that they are usually referring to these 
oscillatory movements, and changes of focus, but 
sometimes they are also referring to alterations of 
shape, size and total brightness. 

I am very grateful to Prof. M. Minnaert for the 
two references which he has given in his letter. 
Previously the only one known to me was ‘Physical 
Optics”, by Prof. R. W. Wood. Here are some 
comments on the points which Prof. Minnaert raises. 

(1) The statement that the movements of star 
images are too small to be visible to the naked eye 
surprises me. While average star-image displace- 
ments usually have values of 3’, exceptional ones, I 
understand, may have values as large as 10” or even 
15”. If, then, two neighbouring stars are moving 
towards, or away from one another, their relative 
angular displacements of 20-30” should be visible 
to the naked eye of an observer who has good visual 
acuity for detail. Thus if the entire sky were filled 
with stars undergoing such displacements, it would 
superficially resemble Brownian movement, as I 
suggested in my first letter. 

(2) if I am under a misapprehension, as Prof. 
Minnaert suggests, when I expect the stars to make 
greater apparent movements in the direction of the 
wind, perhaps I may briefly state the reasons for that 
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conclusion. At the interface between the layers of 
warm and cold air, ‘waves’ are stated to occur. Now 
waves more closely resemble cylinders than they do 
spheres ; moreover, the axis of the cylinders would 
normally be at right angles to the direction of the 
wind. Starlight viewed through such cylindrical 
waves would suffer continual alterations of refraction, 
which would be much greater in a direction at right 
angles than perpendicular to the long axis of the 
waves. Thus the apparent movement of the stars 
should take place preferentially in the direction of 
the wind. 

It has been suggested to me that the words ‘waves’, 
‘striw’ and ‘bands’ which are used in R. W. Wood's 
description of the theory of scintillation give a false 
picture of what is actually taking place, and that at 
the interfaces between layers of air at different 
temperatures and water-vapour content, the surfaces 
do not resemble cylindrical but spherical lenses. 
Now this suggestion does not agree with the photo- 
graphs obtained by Dr. Gaviola, which show the 
band-like striations extremely clearly. It will be 
recollected that he used a camera which had a lens 
of 75 mm. focal length, that this was focused on the 
primary mirror of the 60-in. reflector of Cordoba 
Observatory and that the exposures ranged from 0-1 
to 0-01 see. Seven photographs taken by the light 
of Sirius showed the shadow bands very clearly ; and 
they provided evidence either for elliptical or for 
cylindrical lenses, but not fer circular ones. The 
suggestion that the shadow bands might be due to 
strata of warm and cold air inside the tube of the 
telescope finds no support because, even if such strata 
were present, their optical properties would not dis- 
close themselves unless a carefully adjusted Foucault 
knife-edge or diaphragm had been placed in front of 
the camera lens, and there is no evidence whatever 
that this had been done. In conclusion, therefore, it 
may be stated that strie are wavelike and should 
therefore cause bigger star movements at right angles 
to the long axis of the waves than parallel to that 
axis as suggested in my second letter to Nature. 

(3) With regard to temporary refraction spectra, I 
agree with Prof. Minnaert that these must be small. 
It is probable that they do not exceed 0-5’, and 
would therefore be unobservable with the naked eye. 
3ut I still think that they should be visible through 
a good astronomical telescope, the Airy disk of which 
may subtend an angle of less than 0-2”. If they are 
never seen at all, then I think that something must 
be wrong with the refraction theory ; and evidently 
I am not alone in holding this view, since Prof. 
Minnaert refers to it as ‘““widespread”’. 

If the alterations in the colours of the stars aro 
due, as Prof. Minnaert says, to regular atmospheric 
refraction, why are red and blue-green the only 
colours seen ? Why are not scintillations of the other 
spectral colours witnessed: for example, orange, 
yellow, yellow-green, blue or even violet; and at 
times purple and mauve? This limitation of the 
colours to pink and blue-green is, in my opinion, one 
of the more serious defects of the atmospheric 
refraction theory. 

(4) There is no doubt that simultaneous observa- 
tion by right and left eyes does require practice. 
Recently I have been using two weak prisms, one 
base up, the other base down. First one of these is 
placed in front of, say, the right eye ; then when the 
two star images tend to draw together into co- 
incidence the second prism is substituted ; and so 
observation is continued using the prisms in turn. 
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(5) For stereoscopic vision, precise binocular 
adjustment is not necessary. This fact is brought 
out clearly by the correct observation of stereoscopic 
effects by the single flash of an electric spark. Prof 
Minnaert’s conclusion is true, however, that if the 
lateral displacements of the star image are no larger 
than a few, say five, minutes of arc, they would prob 
ably not cause noticeable stereoscopic effects. But | 
am informed that at times they may have two or even 
three times this value, and in these circumstances 
stereoscopic effects should sometimes be visible. 

(6) Prof. Minnaert asks how does physiology 
account for the striking difference between stars of 
high and of low altitude above the horizon. 
ally, I would not describe the difference as “‘striking”’. 
I have often compared stars of similar brightness, 
one near the horizon, the other near the zenith, using 
direct vision for one star and vision through a right. 
angled prism for the other. Sometimes differences 
were clearly seen, but at other times they seemed 
small or even negligible. Apart from this, however, 
the fact that Prof. Minnaert asks how physiology 
accounts for the difference suggests that he has 
misunderstood my previous letters. On no occasion 
have I claimed that all the phenomena connected 
with scintillation can be explained on purely physio 
logical grounds, and I have always stated that there 
must be a physical as well as a physiological basis, 

Mr. H. F. H. Jones directs attention to the inter 
esting point that to most people in the tropics most 
stars do not scintillate. How do supporters of the 
view that scintillation is due to atmospheric dis. 
turbances account for this strange fact’? The 
inference that turbulence is nearly absent or in. 

appreciable in the tropics is surely contrary to what 
would be expected in view of the great heat and the 
sudden fluctuations of temperature which are common 
there. 

Mr. K. Harrison in the first part of his letter refers 
to the tremulous star movements which have beer 
mentioned earlier in this letter. He holds the view 
that since they can be photographed they carmot be 
explained on a physiological basis and are most 
likely due to atmospheric disturbances. With this 
idea I am in complete agreement. Mr. Harrison 
then goes on to mention “jumping stars”. I have 
never witnessed these and so'am not in a position 
to comment on them, but I have seen movements in 
artificial stars which could be described in this 
manner. 

Prof. G. C. Varley asks “if stellar scintillatior 
were largely a retinal phenomenon as suggested by 
Hartridge and Weale . . .?” I would like to point 
out that Prof. Varley has misunderstood our point 
of view, because we are convinced of the existence of 
an important physical factor, and it seems likely 
that this plays a part quite equal to that of any 
physiological processes. At the end of this letter | 
will briefly discuss what these might be. 

Before beginning my reply to Dr. M. A. Ellison, 
may I express my admiration for his experiment with 
the prismatic telescope. The colours which he sees 
with his binoculars do puzzle me, however, because 
he writes: “One part of the curve is red, another 
green, another purple, some are of mixed shades’. 
The statement that purple is seen surprises me for 
two reasons: (1) I have never seen purple in con 
nexion with scintillation, and (2) I cannot see how 
this colour can be produced by atmospheric lenses. 
According to R. W. Wood, the diameters of these 
lenses is about 4 em. and their focal lengths perhaps 
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4000 m. On applying the formula for the radius of 
the first dark ring of the diffraction pattern: R 
\’ 22 i x F/A, the radius is found to have a 
value of about 60 mm. for green light. Now this is 
arge in comparison with the size of the pupil of the 
ibserver, SO that it appears to be unlikely that there 
be any noticeable colour-selecting effect, such 
as Dr. Ellison has suggested. Let us suppose, how- 
ever, that sharp foci are formed for the different 
coloured rays, and that these coincide in turn with 
the centre of the observer's pupil. When blue rays 
are in focus they enter the eye of the observer with 
undiminished intensity, but the rays of longer wave- 
which have not yet come to a focus will 
encounter the edges of the pupil and in consequence 
will have their intensity reduced. Similarly, when 
the green rays are in focus on the pupil, both the 
blue rays and the red rays will suffer a reduction, 
und when the red rays are in focus those to suffer a 
reduction will be the ones with a short wave-length. 
Therefore as the focal lengths of the atmospheric 
enses alter, it would be expected that an orderly 
sequence of colours would be observed : bluish-green 
when the short wave-length rays are in focus, green 
when the medium wave-length rays are in focus, and 
range-yellow when the short waves are in focus. In 
the first place it will be noticed that purple, which 
sone of the colours suggested by Dr. Ellison, is not 
a colour which would be expected, and in the second 
Met that two of the expected colours, namely, 
green and orange-yellow, are not seen in association 
with scintillation. It will be recollected that the 
lours observed are blue-green and pink, and mix- 
tures of these colours with white. 
Let us now consider the time during which colours 
e visible according to Dr. Ellison’s hypothesis. The 
cle through which the atmospheric lenses pass 
nsists of two phases: a divergent phase, and a 
nvergent phase. During the former, no focusing 
f the light rays occurs. During the latter, foci are 
formed, but at first they are situated below or behind 
the observer. But as this phase continues, the focal 
engths of the lenses progressively decrease until the 
focusing points approach the position which is 
wcupied by the eye of the observer. The first rays 
wtually to come to a focus on the pupil are the blue 
and violet rays, then follow in order the blue-green, 
the green, the yellow, the orange and the red. It is 
luring this period that the first colour change occurs. 
With a further shortening of focal length the rays 
e to a focus in the space between the lenses and 
observer, and no colours are visible. Shortly 
ifter this a reversal occurs, and the focal lengths of 
the lenses begin to increase at first slowly and then 
rapidly. The second colour change now takes place, 
but in the reverse order to the first colour change. 
With a further increase in the focal lengths the foci 
wre formed beyond the observer, and soon reach 
nfinity. The divergent phase now recommences, and 
so the cycle goes on. Now there are insufficient data 
to enable an exact calculation to be made of the time 
during which colours are produced in comparison 
with the total time of one complete cycle, but the 
former must be quite short, probably not more than 
4 per cent of the total time. So that if thirty com- 
plete cycles occur per second, as Dr. Ellison suggests, 
then there will be sixty colour flashes per second, 
each of which has a duration of less than one- 
thousandth second. Would colour changes be visible 
at all in such circumstances? Experiments with 
rotating disks show clearly that blending of colours 
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occurs when colours are presented to the eyes in rapid 
succession. The success of ‘Technicolor’ depends on 
this fact. Moreover, observations on such stars”as 
Sirius show that colours are not visible all the time ; 
but they definitely appear to be visible for longer 
periods than the above values would suggest. So 
that in this respect also the hypothesis appears to be 
at variance with observation. There is one further 
point, namely, that on Dr. Ellison’s hypothesis it 
would be expected that neighbouring stars would 
show similar, if not identical, changes of brightness 
and colour. But this they do not do. On all the 
above grounds, it must be concluded that this new 
hypothesis is no more in keeping with observed facts 
than the parent hypothesis advanced by R. W. Wood. 

Mr. G. 8S. Brindley’s letter is valuable from several 
points of view; in the first place, he describes a 
simple way of observing a given star by means of 
two light rays which are only a short distance apart, 
and in the second place he provides additional proof 
that an observer can, in fact, tell when the images at 
the eyes are synchronized and when they are not. 
This agrees exactly with my views, but I am par- 
ticularly glad to have independent confirmation of 
them. According to some tests which I have per- 
formed with a rotating sector, it is easy to decide 
whether the star images are altering in brightness 
synchronously or not, provided that the alterations 
are not quicker than, say, three to five cycles per 
second. If they are more rapid than this, say, ten 
cycles per second, then it is difficult or impossible to 
tell whether they are altering at the same time or 
independently. Now Mr. Brindley finds that the 
irregular bands of light and darkness are 2-10 cm. 
in width, that is, 4-20 cm. from the centre of one 
bright band to the centre of the next. Now, as 
stated above, in order that the observer may be able 
to decide whether the bands seen by the two eyes 
are synchronous or not, they must not arrive at the 
eyes more rapidly than about five bright bands per 
second. If, then, the centres of the bright bands are 
4 cm. apart they must travel at a speed not in excess 
of 20 em. per second, and if they are 20 cm. apart 
their speed must not exceed 100 cm. per second. 
How do these speeds compare with those arrived at 
by Wood? He writes, “Just before the total stage of 
a solar eclipse the bands are seen to travel over the 
ground with a velocity of usually from 10 to 20 ft. 
per second”, It will be seen at that these 
speeds are much greater than those arrived at on the 
basis of Mr. Brindley’s data. Here, then, is one of the 
inconsistencies encountered in the theory of atmo- 
spheric turbulence. 

Now to me it is an astonishing idea that while 
wind velocities just above ground-level may vary 
from almost zero to quite high speeds, those of the 
upper atmosphere which contain the striz are quite 
low, being only a few feet per second. If this is true, 
it certainly requires some explaining. 

Here is another inconsistency : according to Wood, 
the widths of the bands are frequently not more than 
3-4 cm. Mr. Brindley in his letter puts them at 
2-10 cm. Dr. Gaviola concluded that they vary 
between 5 and 50 cm. So far agreement does not 
appear to be too bad, but there is another important 
set of observations to be considered: Schlesinger 
found that the plots of the trails of Merope and 
Aleyone showed almost identical displacements. 
“Small differences in the two paths of the stars are 
attributed to errors in measurement,”’ he writes, and 
“as in the case of the low oscillations which we have 


once 






















































668 


discussed, we have convincing evidence that this path 
is very precisely the same for all the stars on the 
photographic plate”. Now for the paths to be the 
same over a substantial part of the sky, the strix 
would have to have correspondingly large dimensions, 
subtending at the eye angles in excess of twenty 
minutes of arc, being, say, ten metres at least in width 
if the striw are situated 2,000 metres above the 
observatory. Now these large dimensions do not 
agree with the much smaller ones referred to above. 
Nor do they agree with the small dimensions which 
are required in order to explain the presence of 
marked scintillation of the stars, but its almost com- 
plete absence in the case of the planets. It may be 
contended that there may be both small and large 
strie present at one and the same time, but this 
cannot be accepted because if there were small strix 
they would disturb the star images on a photographic 
plate. Here then is another inconsistency in the 
turbulence theory. 

I would now like to report a recent experiment in 
which atmospheric effects have been largely, if not 
completely, eliminated. Into a brass tube were 
placed : a miniature tungsten-filament electric-light 
bulb and a number of microscope objectives in series 
so arranged that a greatly diminished aberration-free 
image of the source was presented to the observer's 
eye. Both ends of the tube were closed and were 
made vacuum-tight, at one end being a glass window 
through which the observer could look. The brass 
tube was connected to a vacuum pump and the 
pressure of air inside was reduced to a few milli- 
metres of mercury. As a further precaution, an 
electric fan was placed close to the observer so as to 
blow away any warm air which might be rising 
between the end of the tube and his eye. The 
removal of atmospheric effects did not alter in any 
way the appearance of scintillation as seen on 
looking down the tube, nor was the sudden rush of 
air into the tube on disconnecting the vacuum pump 
accompanied by any visible effect. We conclude that 
the turbulence of the atmosphere plays no observable 
part in the changes of brightness and colour which 
are seen to affect a local light source. 

While, on one hand, these experiments appear to 
provide proof of a physiological type of scintillation, 
on the other hand, oug recent observations of the 
twinkling of true stars and their comparison with the 
twinkling of local sources has convinced us that the 
true stars twinkle more effectively than the artificial 
ones. In other words, as we have thought all along, 
there appears to be a physical cause of twinkling as 
well as a physiological one. 

To sum up, I am quite convinced that the theory 
of irregular atmospheric refraction does not explain 
all the observed phenomena. It does not account for 
the colours of scintillation being limited to red and 
blue-green. It does not explain why small stars 
twinkle less than large ones. It does not cover the 
scintillation of a local source viewed through a 
vacuous tube. In all these respects and many others 
besides, it is incompatible with known facts. It seems 
reasonable to suppose that the atmosphere is one 
factor in company probably with several others, some 
physical and some physiological, which together 
produce the stellar changes which are observed in 
position, in shape, in size, in brightness and in hue. 
That physical factors play a part, as we have believed 
all along, is clearly shown by the facts mentioned by 
Prof. Minnaert that changes of star brightness can 
be photographed and can be recorded by means of 
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a photocell. That physiological factors also may 
come in is shown with equal clearness by the vacuum 
tube experiment described above. 

Now what could the other physical factors be: 
Could it be that the stars themselves emit light jy 
an irregular manner? Some hold the view that the 
sun contains light under high pressure and that this 
escapes in jets ; could the same process be occurring 
in the stars ? Are there starspots as well as sunspots ? 
We know that light, since it possesses energy, must 
also possess mass, and we know that gravitation 
affects light by virtue of that mass. Is it not possible, 
then, that the mass of one lot of light attracts the 
mass of another lot of light, and thus in course of 
time produces what may be called ‘light aggregates’ } 
The seismograph shows that the earth’s crust is in a 
constant state of tremor, and therefore an observatory, 
since it is attached to one part of the crust, must be 
in a constant state of tremor too. Would this not 
cause the star images to undergo synchronous 
tremulous movements of the kind recorded by 
Schlesinger ? Here, then, are some tentative hypo. 
theses, probably of little weight in themselves, but 
suggesting the kind of survey which I think is wanted. 
Every part of the system should be scrutinized: 
source, light path, telescope, camera and eye, because 
any one of these may be contributing to the phen- 
omena of scintillation. 

H. Harrripce 
Vision Research Unit, 
Medical Research Council, 
Institute of Ophthalmology, 
Judd Street, 
London, W.C.1. 


OBITUARIES 
Prof. C. S. Gibson, O.B.E., F.R.S. 


CHEMISTS, not only in Great Britain, but also 
abroad, will have learnt with deep regret of the death 
on March 24 after a long illness of Prof. C. S. 
Gibson. He was born on February 8, 1884, and was 
educated at the Manchester Grammar School, where 
he was fortunate in coming under the influence of 
that great chemistry master, Francis Jones. With a 
natural science scholarship he went in 1901 to Corpus 
Christi College, Oxford, graduating with honours in 
1905. Shortly afterwards he became research assistant 
to the iate Sir William Pope, then professor of chem- 
istry in the College of Technology in Manchester. 
This was the beginning of a life-long friendship. 
Holder of a Senior Goldsmiths research studentship, 
Gibson followed Pope to Cambridge, where he became 
a member of Sidney Sussex College and later an 
assistant lecturer and demonstrator in the University 
Chemical Laboratory. He remained in Cambridge 
until 1912, when he was appointed professor of 
chemistry in the Maharaja’s College, Trivandrum. 
Here he found the conditions to be very primitive, 
and it was only by frequent visits to my laboratory 
in the Presidency College, Madras, that he was able 
to continue his original work. 

At the outbreak of the First World War, Gibson 
returned to Cambridge and, in collaboration with 
Pope, he was responsible for work of first-class 
importance in the manufacture of mustard gas. 
Unfortunately, he was badly gassed on more than 
one occasion and he suffered from the effects for 
the remainder of his life. In 1919 he was appointed 
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to the chair of chemistry in the Egyptian School 
f{ Medicine, Cairo; but his stay there was brief, 
and he returned to London in 1920 as professor of 
chemistry at Guy’s Hospital Medical School. Here 
he was to remain until his retirement last September 
nm reaching the age of sixty-five. During the Second 
World War he was senior gas adviser in south-eastern 
England. 

Gibson’s original work was largely influenced by 
ng collaboration with Pope. His main interest 
undoubtedly lay in the field of stereochemistry ; but 
for a number of years after his return to England he 
voted much attention to organic arsenic com- 
pounds, his interest in which had been aroused as a 
member of the Chemical Warfare Committee. In 
1929, however, he returned to a problem which he 
hd investigated earlier with Pope, namely, the 
ganic compounds of gold. Here his great experi- 
mental skill enabled him to make contributions of 
utstanding importance, and few who visited his 
laboratory will forget the beauty of his gold mirrors, 
for which he devised a simple method of preparation. 
It was a profound disappointment to him that the 
anti-glare glasses which he made could not be used 
luring the Second World War. 

To the Chemical Society Gibson gave devoted ser- 
vice. He was honorary secretary during 1924-33 
ind a vice-president during 1933-36. In 1945, on 

e sudden death of the Society’s editor, Dr. Clarence 
Smith, he, at considerable personal sacrifice, acted as 
ditor for a number of months. He also took a great 
nterest in the International Union for Pure and 
Applied Chemistry and was a member of the Organic 
Nomenclature Commission. In spite of failing health, 
e was able to attend the meeting in Amsterdam last 
September. On the formation in 1935 of the Society 
or the Protection of Science and Learning, Gibson 
und Sir William (now Lord) Beveridge were appointed 
secretaries. He also served on the councils of the 
Institute of Chemistry and the Royal Society of 
irts. In his young days Gibson was an accomplished 
pianist ; but he was never satisfied with his own 
performance, and latterly he gratified his love of 
music by listening to broadcasts 
Gibson’s services to science did not un- 
recognized. He received the O.B.E. in 1919, and in 
1931 he was elected a fellow of the Royal Society. 
He was the president of Section B (Chemistry) at 
the Cambridge meeting of the British Association in 
1938, and was an honorary member of the Société 
le Chimie Industrielle. Many of his former students 
ut Cambridge and Guy’s Hospital will recall his 
many acts of kindness, not infrequently accompanied 
by financial assistance. He was unmarried. 

J. L. StMonsEN 
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Prof. George W. Todd 


Georce W. Topp, professor of experimental 
physics in King’s College, Newcastle upon Tyne, 
died at his home in Ponteland, Northumberland, on 
February 24, after an operation. He had been in 
ill-health for some time. 

Born in Birmingham in 1886, he was educated in 
that city and proceeded to the University in 1904. 
He graduated with honours in physics in 1907 and 
for the next two years worked under Prof. Poynting, 
with whom, jointly, he published his first paper, 
“On a Method of Determining the Sensibility of a 
Balance’. In 1909 he went to Emmanuel College, 
Cambridge, as an 1851 Exhibition research scholar, 
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and worked at the Cavendish Laboratory under Sir 
J. J. Thomson until 1912. The results of his work 
here on the mobility of gaseous ions are published in 
a series of papers in the Proceedings of the Cambridge 
Philosophical Society and Philosophical Magazine. 
During 1913-16 he held the appointment of science 
master at the Royal Grammar School, Newcastle 
upon Tyne. He became adviser in physics to the 
Nitrogen Products Committee of the Ministry of 
Munitions in 1916, and in 1917 was appointed head of 
the Physics Section, Munitions Inventions Depart- 
ment Laboratories, London. Here he carried out 
researches on nitrogen fixation processes. In 1919 
he was appointed professor of experimental physics 
in Armstrong College (now King’s College), Newcastle 
upon Tyne, an appointment which he held until his 
death. He had received the degrees of D.Sc. (Bir- 
mingham) in 1913 and M.Sc. (Dunelm) in 1920. 

The bulk of Prof. Todd’s published work was done 
between 1909 and 1922, and consists of papers on 
thermal conductivity, ionic mobilities, gas reactions 
and properties of gases. Shortly before his death, he 
edited Poynting and Thomson’s “Properties of 
Matter”. His teaching was noteworthy for clear and 
simple exposition. He made use of only the simplest 
mathematical technique, and his methods were those 
of the ‘Poynting and Thomson’ school. He was inter- 
ested in devising new laboratory experiments, and 
nothing gave him greater pleasure than a novel idea 
or an original experimental device or method. 

Prof. Todd found in gardening a congenial relaxa- 
tion from academic work until ill-health intervened, 
and he was an enthusiastic member of the Newcastle 
Society of Artists, of which he was chairman. He got 
the same kind of esthetic pleasure from drawing anc 
painting and looking at pictures as he derived from 
a study of physics. A few weeks before his last 
illness he was elected chairman of the recently formed 
North-Eastern Branch of the Institute of Physics, of 
which he was a founder fellow. His old students, who 
remember his modesty and kindliness, will deeply 
deplore his death. 

He leaves a widow and married daughter. 

J. F. Woop 


Mr. R. Kirkpatrick 


RANDOLPH KIRKPATRICK, who died on March 16, 
was assistant keeper in the British Museum (Natural 
History) from September 1886 until his retirement on 
January 20, 1927. Originally intending to take up a 
medical career, he passed through Christ’s Hospital 
and King’s College Schools to become a medical 
student at St. George’s Hospital, London, but ill- 
health determined him to “take up a less strenuous 
career’. Ironically, he not only lived to be eighty- 
seven and enjoyed excellent health for the greater 
part of this time, but also managed to crowd into his 
forty years service at the Museum a very great deal 
of scientific work. In addition, his wanderings took 
him to many parts of Europe, Asia and Africa, often 
to the more inaccessible regions, in search of scientific 
materials. Finally, he continued to ride his bicycle 
through the busy London streets until within a few 
months of his death. 

Kirkpatrick’s published works do not form an 
impressive total, though what he did publish was of 
high quality. On the other hand, the collections that 
were in his charge—and for the greater part of his 
time these included the Protozoa, Sponges, Coelenter- 
ates, Polyzoa and Protochordates—were left in 
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excellent order. He has been described by those who 
knew him well as the ideal public servant. Unassuming 
to a fault, courteous and generous, he would spare 
no effort to help either a colleague or a visiting 
student. It was in all probability his extreme willing- 
ness to interrupt whatever he was doing to help 
others that prevented his completing his work on 
Merlia normant and Astrosclera willeyana. It is clear 
that these were to have been dealt with in mono- 
graphic proportions, and a set of beautiful plates had 
been prepared on Merlia but no notes. 

For the last thirty years or so of his life, Kirk- 
patrick had followed what he ultimately saw to be 
a will-o’-the-wisp, a theory concerning the structure 
of the earth. His preliminary results are embodied 
in the four numbers of the Nummulosphere, which he 


had privately printed, and in a vast collection of 


rock specimens, collected and prepared at his personal! 
expense. In later years, he confessed in private con- 
versation that he had been misled, that what he had 
been seeing all the time but failing to recognize was 
what he called the “architecture of protoplasm”’. 
Perhaps he was right; at least his tentative sugges- 
tions seemed reasonable; but he died without 
leaving any permanent record of what his mature 
ideas might have been. M. Burton 


Prof. W. Fitzgerald 


WALTER FirzGERALD was born at Liverpool in 
1898 and died at Stockport on November 29, 1949. 
Partly of Irish extraction, he was temperamentally 
akin to many people of Anglo-Irish stock; for he 
had much of their charm of manner and ready 
humour, and not a little of their capacity for enjoy- 
ment. He constantly, if not always wisely, refused 
to submit to limitations of physical strength and 
always hoped for ultimate improvement: he had 
planned a three-months visit to Africa from December 
1949 to March 1950, during which he was to travel 
in Basutoland. 

A graduate of the University of Liverpool with 
first-class honours in geography, Fitzgerald was one 
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Metallurgy at Sheffield : Prof. A. G. Quarrell 


Dr. A. G. QUARRELL, research manager to the 
British Non-Ferrous Metals Research Association, 
has been appointed to the new chair of postgraduate 
physical metallurgy in the University of Sheffield. 
Dr. Quarrell, who is thirty-nine years of age, received 
his scientific education at the Imperial College of 
Science and Technology, London, graduating in 1931 
with honours in physics. During 1931-36 he under- 
took research on electron diffraction problems in 
conjunction with Prof. G. I. Finch. In 1937 he was 
appointed assistant lecturer in metallurgy in the 
University of Sheffield and was raised to the status 
of full lecturer in 1940. While at Sheffield, Dr. 
Quarrell undertook a variety of research work, most 
of which has been published in the Journal of the Iron 
and Steel Institute. In particular, this dealt with 
hydrogen in iron and its influence on hair-line crack 
formation. He also carried out further work with an 
electron diffraction camera, examining the trans- 
formations in iron oxide during cooling from high 
temperatures. Another notable piece of work was his 
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of a group of ex-Service men brought under the spell 
of Prof. P. M. Roxby’s great oratorical and teaching 
powers. The powerful personality of Roxby proved 
an abiding influence; but Fitzgerald had too much 
independence of mind to accept uncritically any one 
man’s work. He derived his unusual interest in 
international affairs and social problems partly from 
the teaching at Liverpool and partly from his innate 
sympathy of mind; and his last published work, 
“The New Europe” (1945), was a welcome contribution 
to political geography. A similar interest was seen in 
his larger work, “‘Africa’’ (1934), which is stil! the 
major English text-book on the subject and in its sixth 
edition. It was the monograph on “The Early 
Historical Geography of Ireland”, published in 1926 
by the Geographical Association, that first brought 
his name to readers, who admired both its clear 
regional treatment and its interpretation of arch» 
ological material; since then, it has become a 
commonplace for archeologists to use distribution 
maps ; but the maps of this book are superseded only 
for the happy reason that archzxologists in Ireland 
have added so much new material. He saw par 
ticularly the need for geographers to think out the 
exact nature of their work, and published three short 
articles in Nature (152, 589, 740; 153, 481) to define 
his attitude. He had a strong interest in what is 
now termed ‘methodology’ and gave stimulating 
lectures on the general content of the subject. 
Apart from a year (1924-25) at Pretoria, Walter 
Fitzgerald spent his whole working life in the 
University of Manchester, where he joined the staff 
in 1925 as lecturer; he later became senior lecturer 
and in 1944 he succeeded Prof. H. J. Fleure as pro 
fessor. The work of running a large and growing 
department, in which there were ten or more appli- 
cants for every possible place, proved a severe strain 
to one always cautious in decision and eager to 
continue his own researches in spite of administrative 
duties. His life was marked by sorrow as well as 
indifferent health, and his work on “The New 
Europe” was dedicated to the memory of his baby 
daughter. He is survived by a widow and one 
young son. T. W. FREEMAN 
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laboratory investigation of the phosphorus reaction 
in the basic steel-making processes. In 1945 he went 
to the British Non-Ferrous Metals Research Associa 


tion. It is expected that Dr. Quarrell will take up 
his new post in Sheffield in October. 


Physiology at Madrid: Dr. F. Grande 

Dr. Francisco GRANDE has recently been elected 
professor of physiology in the University of Saragossa. 
This is a necessary preliminary to the appoint 
ment to the chair of physiology in the University of 
Madrid, and the formalities are made in this way 
because it is considered that anyone appointed to so 
important a chair as that at Madrid should be already 
a professor at one of the lesser universities. Upon 
appointment at Saragossa, the new professor pays & 
formal visit lasting a few days to ‘take office’, after 
which his official duties at Saragossa may terminate. 
The election to the chair at Saragossa still takes the 
form of a public contest, as was usual at most 
universities in medieval times. In this case the seven 
selected candidates are required to give two lectures, 
one of which must be given impromptu on a subject 





N 


given 
candi 
for t 
exper 
out. 
mont 
Dr 
at Ur 
he wi 
Madr 
post 
defic: 
becar 
Insti 
to an 
logice 
defici 
mode 
D. R 
there 
fellov 
out i 
condi 
nique 


Insti 
Fare 
unde’ 
comy 
and 

retire 
becal 
caper 
resea 
main 
desig 
used 
mani 
in D 
unde 
lectu 
ation 
his s 
The 
soug, 
mucl 
into 
in tl 
meet 
come 


the ] 
Cher 
for 

F. R 
of m 
mecl 
in re 
knov 
K. \ 
trib 
and 









3 
4 














No. 4200 April 29, 1950 


given by the selection board. The lectures of each 
candidate are criticized by the six other contestants 
for the chair. Practical exercises, consisting of 
experimental demonstrations, have also to be carried 
out. The whole procedure generally takes about a 
month 

Dr. Grande worked with Prof. C. A. Lovatt Evans 
at University College, London, in 1934, after which 
he was appointed assistant professor of physiology at 


Madrid; during the Spanish Civil War he left his 
post at the University. His work on nutritional 
deficiency was so outstanding, however, that he 


became head of the Physiological Department in the 
Institute for Medical Research, Madrid. This led 
to an increasing interest in the mental and psycho- 
logical disturbances associated with nutritional 
deficiencies, and in 1949 he went to Cardiff to study 
modern methods of biochemical research with Dr. 
D. Richter at the Neuropsychiatric Research Centre 
there, where he was supported by a British Council 
fellowship. During the past year he has been carrying 
out important work on the mechanism of nervous 
conduction, using the new radioactive tracer tech- 


niques. 


Lecture Demonstrations at the Royal Institution : 

Mr. W. J. Green 

On April 15 Mr. W. J. Green retired from his 
position as lecture assistant in the Royal Institution 
m the completion of fifty years service in the 
Institution. Green began as a junior in the Davy 
Faraday Research Laboratory, where he worked first 
under Dr. Alexander Scott, who encouraged him to 
complete his scientific education and take a degree, 
and afterwards under Sir James Dewar. On the 
retirement of Mr. R. N. Lennox in 1909, Green 
became Dewar’s principal research assistant, in which 
capacity he gave valuable help in the low-temperature 
researches. He was responsible for the operation and 
maintenance of the gas-liquefying plant, and he 
designed and constructed much of the apparatus 
used in the calorimetry of liquid hydrogen. His 
nanipulative skill also made him a valuable assistant 
n Dewar’s elaborate lecture demonstrations. Later, 
under Sir William Bragg, Green became the principal 
lecture assistant at the Royal Institution. Gener- 
ations of lecturers in the famous theatre will remember 
his skill and his willing help in their preparations. 
The high standard which the Institution has always 
sought to maintain in its experimental lectures owes 
much to him in recent years. He carries with him 
into retirement the good wishes of his many friends ; 
in the words of Sir Lawrence Bragg at a recent 
meeting: ‘We shall miss him greatly, for he has 
come to be a part of the Institution he has served”’. 


Sir George Beilby Memorial Fund: Awards for 

1949 

(He administrators of the Sir George Beilby 
Memorial Fund, representing the Institute of Metals, 
the Royal Institute of Chemistry and the Society of 
Chemical Industry, have decided to make three awards 
for 1949, each of one hundred guineas, as follow: 
F. R. N. Nabarro, in recognition of his application 
of mathematical methods to the elucidation of the 
mechanical properties of metals; Dr. C. E. Ransley, 
in recognition of his experimental contributions to 
knowledge of the behaviour of gases in metals; Dr. 
K. W. Sykes, in recognition of his experimental con- 
tributions to the study of the combustion of carbon 
and its oxidation by steam. Awards from the Fund 
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are made to British investigators in science as a mark 
of appreciation of distinguished work, particularly in 
such fields as fuel economy, chemical engineering 
and metallurgy. in which Sir George Beilby’s special 
interests lay. In general, the awards are not applic- 
able to the more senior investigators but are granted 
as an encouragement to relatively young men who 
have done independent work of exceptional merit over 
a period of years. Mr. Nabarro, who is thirty-four, 
is a lecturer and research fellow in metallurgy in the 
University of Birmingham and has been working 
on the dislocation theory of slip in metals in the 
study of the mechanical strength of metal crystals 
and the ‘creep’ phenomena to which they are subject. 
Dr. Ransley is at the Research Laboratories of the 
British Aluminium Co., Gerrards Cross, Bucks, and 
is in charge of a group working mainly on various 
problems arising in the casting and fabrication of 
aluminium and its alloys; this work has included a 
study of gas equilibria in solid and liquid metals, a 
part of which has already been published. Dr. Sykes, 
at present a lecturer in chemistry in the University 
College, Swansea, has made a detailed study of the 
mechanisms of steam-carbon and carbon dioxide- 
carbon reactions, features of the work being the com- 
plementary use of both flow and static techniques 
and the development of a special method of controlling 
the temperature of endothermic reactions in flow 
systems ; he has put forward a new theory concerning 
the catalysis of these reactions by inorganic impurities. 


The Bulletin on Narcotics 

THE international control of narcotic drugs and 
the struggle against their illegal and harmful use is 
of the greatest importance to many groups in all 
parts of the world. To help in this work the Division 
of Narcotic Drugs, Department of Social Affairs of 
the United Nations’ Secretariat, has launched a new 
quarterly journal entitled The Bulletin on Narcotics. 
The Bulletin is designed to present up-to-date reports 
on the control of narcotics and will contain technical 
and scientific studies on narcotic drugs and articles 
on legislation and administration in various countries, 
as well as a bibliography listing current books and 
articles on the subject. The first issue contains a 
series of illustrated articles on such subjects as opium 
production throughout the world, the commission for 
inquiry on the coca leaf, determining the origin of 
opium, a report on the fourth session of the Division 
on Narcotic Drugs and a calendar of the meetings of 
international organisations concerned with the control 
of narcotics. The Bulletin on Narcotics will be issued 
four times a year in English and French editions, while 
summaries of important articles will be available in 
Chinese, Russian and Spanish. Further particulars 
may be obtained from the United Nations Head- 
quarters, Lake Success, New York. 


Fossil Vertebrates 


In the Museums Journal of August 1949, Mr. A. E. 
Rixon, of the British Museum (Natural History), 
contributes a useful note on the use of acetic and 
formic acids in the preparation of fossil vertebrates. 
The method has been used in the development of a 
series of Plesiosaurian dorsal vertebre and ribs 
contained in a Lower Lias nodule from Lyme Regis. 
On arrival at the Museum, only a very small portion 
of the bones could be seen. The exposed parts were 
coated with a solution of polystyrene in ethyl acetate, 
which was allowed to harden. The nodule was then 
placed in a 15 per cent (by volume) solution of acetic 
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acid. After six weeks in the tank it was found that 
all the bones had been freed of matrix, and detail was 
clearly visible. The pungent odour of acetic acid 
caused difficulty, and it has been found that a 10 per 
cent solution of formic acid is just as effective. 
Specimens of Old Red Sandstone ostracoderms have 
been treated with formic acid with striking results. 


Differential Corrections of Orbits of Comets 


A PpaPEeR by J. G. Porter on “Differential Correc- 
tions of Orbits” (Mon. Not. Roy. Astro. Soc., 109, 4; 
1949) develops a simplified method for applying 
differential corrections to certain elements in the 
orbits of comets and minor planets. Schénfeld’s well- 
known method, adapted for logarithmic computation, 
involves six unknowns in the normal equations, and 
the work entailed in the solution of these is laborious. 
Tietjen showed that the problem could be consider- 
ably simplified by a suitable choice of axes, and 
Porter’s method is virtually an adaptation of that of 
Tietjen to computing machines. The ecliptic elements, 
@, Q and i, which enter into Schénfeld’s equations, 
are no longer necessary, and the computations can 
be effected by the use of certain equatorial constants. 
All who are interested in the computations of orbits 
should study this important paper, the details of 
which are too long to be dealt with here. The 
application of the method is illustrated for Comet 
Pons-Winnecke (19454), and the computations are 
obviously much simpler than in some of the methods 
previously used. A computer equipped with a 
computing machine will find no difficulty in utilizing 
the new scheme, even if he cannot follow in toto the 
method for deriving the different formule. 


Museum Schools Service in Wales 

Museums all over Great Britain are now realizing 
their responsibilities to schools and are organising 
their resources so that their contribution to formal 
education may be of the highest value. The National 
Museum of Wales is no exception to this general 
trend; and the forty-second annual report for 
1948-49 of this institution (pp. 57+2 plates; Car- 
diff: National Museum of Wales, 1949) states that 
the five-year scheme for a Museum schools service is 
now in its second year gnd has begun to take shape. 
It was decided at an early stage that the persons 
appointed in connexion with the scheme should be 
concerned with subjects falling within the school 
curriculum—one on the arts and the other on the 
science side. It was also considered desirable that 
each appointment should be associated with one 
department of the Museum only. The qualifications 
of the applicants did not make it” possible to imple- 
ment fully this policy, but one appointment has been 
made to the Department of Archeology and another 
to that of Geology. Those appointed are now 
acquainting themselves with the resources and 
methods of their respective Departments and have 
examined the work of other centres where museum 
schools services are in operation. A representative 
Museum Schools Service Committee has _ been 
appointed, and, although a large amount of pre- 
liminary work has been accomplished, it is apparent 
that it will be a considerable time before the effect 
of this schools service is felt in the Principality of 
Wales. 


Colonial Service : Recent Appointments 
Tue following appointments in the Colonial 
Service have recently been announced: M. D. 
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Ffrench-Mullen (agricultural officer, Fiji), chief 
research officer, British Guiana; W. A. Wright 
(agricultural officer, Sierra Leone/Gambia), agricul. 
tural officer, Kenya; K. R. M. MacDonald (senior 
assistant conservator of forests, Nigeria), conservator 
of forests, Nigeria; C. J. W. Pitt (assistant con. 
servator of forests, Tanganyika), assistant con- 
servator of forests, Sierra Leone; P. C. Randell 
(assistant conservator of forests, Nigeria), senior 
assistant conservator of forests, Nigeria; R. G. M. 
Willan (assistant conservator of forests, Nyasaland), 
conservator of forests, Nyasaland ; R. B. McConne!! 
(senior geologist, Nigeria), assistant director, Geo 
logical Survey, Uganda; A. K. N. Chhung Hin 
(pathologist, Mauritius), senior pathologist, Mauri: ius ; 
H. K. Littlewood (senior veterinary officer, Nigeria), 
assistant director, veterinary services, Nigeria ; M. R. 
Henderson (assistant director of botanical gardens, 
Singapore), director of botanical gardens, Singapore ; 
D. C. Lorimer (laboratory superintendent, Nigeria), 
senior laboratory superintendent, Nigeria ; K. Twum. 
Barima, agricultural officer, Gold Coast; C. 4. 
Birch, agricultural officer, Tanganyika; J. L. 
Gregory, entomologist, Nigeria; G. Jackson, agri- 
cultural officer (ecologist), Nyasaland ; A. R. Maurer, 
botanist, Nigeria; K. Coe and J. F. Sawage, geo- 
logists, Gold Coast; G. R. Davis and J. R. F. 
Handley, geologists, Tanganyika; R. G. Dodson, 
geologist, Kenya; J. G. Prescott, veterinary research 
officer, Tanganyika; H. R. Clifford, veterinary 
officer, Uganda; G. G. T. Harrison, fisheries officer, 
Gold Coast ; H. H. J. Lambert, geophysicist, Northern 
Rhodesiz; F. C. B. Marshall, chemist, Joint Depart- 
ment of Chemistry, Federation of Malaya; J. R. 
Scott, meteorological officer, Federation of Malaya ; 
J. B. Smith, assistant meteorologist, Gold Coast ; 
J. Sommerville, agricultural development officer, 
Nigeria; G. W. Walker, chemist, Government 
Chemist Department, Tanganyika. 


The Night Sky in May 


FULL moon occurs on May 2d. 05h. 19m., v.7., and 
new moon on May 17d. 00h. 54m. The following 
conjunctions with the moon take place: May lid. 
04h., Jupiter 2° N.; May 13d. 02h., Venus 2° S.; 
May 25d. 15h., Saturn 0-1° N.; May 26d. 12h., 
Mars 0-02° N. Mercury is an evening star in the early 
part of the month, setting lh. 40m. after the sun on 
May 1, but later in the month it becomes a morning 
star and on May 31 rises 25m. before the sun. Venus 
is @ morning star, rising more than an hour before 
the sun throughout the month, but is not visible for 
long as it is lost in the twilight. Mars, in the con- 
stellation of Leo, is visible throughout the night and 
does not set until the morning hours. The planet is 
stationary on May 5, after which its eastward move- 
ment brings it close to 8 Virginis towards the end of 
the month. Jupiter is a morning star, rising at 2h. 
45m. and Oh. 55m. on May | and 31, respectively, 
and can be seen for a short time before sunrise, but 
it is too low for good observation. Saturn sets about 
the same time as Mars and is a little to the north of 
the latter; the ring, now opening up, can be easily 
seen even with a small telescope. During May there 
are no occultations of stars brighter than magnitude 6. 
In the early part of the month the 7 Aquarid meteors 
are active, but moonlight will interfere with ordinary 
observations. This drawback is now overcome by 
the use of radar, which has been responsible for 
very important work on the Aquarids and other 
showers. 
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Announcements 


Tue fifth annual Holweck Prize and Medal has 
heen awarded to M. P. Jacquinot, of the Faculty of 
science of the University of Paris, in recognition of 
his work in instrumental and structural spectroscopy. 
The presentation will take place at a meeting of the 
Physical Society on May 17 at the Royal Institution, 
fallowed by an address by M. Jacquinot on “‘Quelques 
recherches sur les raies faibles dans les spectres 


ptiques 


fur Council of the Electrical Research Association 
as appointed Dr. W. B. Whitney to be assistant 
jirector of research under Dr. 8. Whitehead. Dr. 
Whitney joined the Association at its inception and 
ys been in charge of the researches on switch and 
mtrol gear, which position he is retaining. He was 
nainly responsible for the invention and development 
f the gas blast circuit breaker and the side blast 
baffle, which types comprise a very large proportion 
f the heavy-power circuit breakers now in use. 


[ue tenth Myers Memorial Lecture of the Society 
for Psychical Research will be given at Caxton Hall, 
Westminster, London, S.W.1, on May 10 at 8.30 p.m. 
y Dr. J. B. Rhine, director of the Parapsychology 
laboratory, Duke University, North Carolina, his 
subject being ““Telepathy and Human Personality’’. 
[he Myers Memorial Fund was formed in 1929 to 
endow a lecture, which is usually given biennially, in 
memory of the late Frederic W. H. Myers, of Trinity 
College, Cambridge, one of the founders of the 
Society in 1882. 

Tue Textile Institute will hold its fortieth annual 
meeting at the King’s Hall, Grand Hotel, Leicester, 
m May 10. The meeting will be followed by the 
Mather Lecture, which this year is to be given by 
Mr. F. Scholefield, head of the Department of Textiic 
Chemistry, College of Technology, Manchester. Mr. 
Scholefield will speak on the contributions made to 
the textile industry by the late Sir William Mather, 
president of the Institute during 1915-17 and 
nitiator in 1919 of the Institute’s Foundation 
Fund. 


Tue Biological Methods Group of the Society of 
Public Analysts and Other Analytical Chemists is 
arranging an open symposium on the assay of 
vitamin B,,, to be held on May 23 at the Medical 
Society of London, 11 Chandos Street, Cavendish 
Square, London, W.1. Dr. 8S. K. Kon will be in the 
hair, and papers will be presented dealing with 
man bioassays, chick assays and some of the more 
videly used microbiological procedures. In October 
' symposium will be held on the assay of adreno- 
rticotrophic and cortical hormones. Further details 
in be obtained from the honorary secretary of the 
oup, Mr. S. A. Price, Vitamins, Ltd., 23 Upper 
Mall, London, W.6. 


A SYMPOSIUM on anomalies in reaction kinetics 
will be held in the University of Minnesota, Minnea- 
polis, during June 19-21, being jointly sponsored by 
the Division of Physical and Inorganic Chemistry 
and the Minnesota Section of the American Chemical 
Society. The four principal sessions will be devoted 
to the following topics: the activated complex, 
reactions in solution, free radicals, and surface 
teactions. Approximately thirty invited papers will 


be presented during the meeting, and these will be 
distributed in advance. 


Further information can be 
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obtained from Prof. Wm. J. Tomsicek, Department 
of Chemistry, College of St. Thomas, St. Paul 1, 
Minnesota. 


THE Extra-Mural Department of the University of 
Birmingham, in co-operation with the Atomic 
Scientists’ Association (Birmingham Branch), is 
arranging a week-end course of lectures on “Isotopes 
in Industry”, to be held in the Physics Department 
of the University during May 19-21. The course is 
intended for industrial engineers, metallurgists, 
chemists and others interested in the application of 
artificial radioactive substances to industrial prob- 
lems. The fee for the course is 12s. 6d. (free to members 
of the Atomic Scientists’ Association). For further 
details application should be made (before May 6) to 
the Director of Extra-Mural Studies, University, 
Edmund Street, Birmingham, 3. 


Tue Challenger Society will consider applications 
for small grants in aid of research in marine biology 
or oceanography at a recognized laboratory during 
June 1950-—June 1951. Applications, accompanied by 
details of the proposed research, should reach the 
honorary secretary of the Society, Mr. N. B. Marshall, 
British Museum (Natural History), Cromwell Road, 
South Kensington, London. S.W.7, before the end of 
May. 


An Edward Teshmaker Busk studentship in 
experimental and mathematical aeronautics is being 
offered for research carried out in Great Britain or 
abroad. The studentship is worth about £300 a year, 
tenable initially for one year, and is open to a British 
subject less than twenty-five years of age. Further 
details may be obtained from the Professor of 
Aeronautical Engineering, Engineering Laboratory, 
Cambridge. 


THE Manchester Municipal College of Technology 
of the University of Manchester is offering to part- 
time students six scholarships and six exhibitions 
varying in value up to a maximum of £140 plus 
approved fees, tenable for three years in one of the 
full-time day courses of the College ; forms of appli- 
cation must be completed by June 20. The College 
is also offering a Lewis Atkinson entrance scholarship 
in electrical engineering, worth £30 a year for three 
years ; forms for this scholarship must be completed 
by June 1. Further details can be obtained from the 
Registrar, College of Technology, Manchester 1. 


THE Medical Research Council is offering the fol- 
lowing travelling fellowships for the academic year 
1950-51: Rockefeller medical fellowships, worth 
2,600 dollars a year plus 1,000 dollars a year marriage 
allowance, for postgraduates resident in Great Britain 
to work in the United States ; Dorothy Temple Cross 
research fellowships in tuberculosis, worth £650 a 
year plus £250 a year marriage allowance, for British 
subjects to work elsewhere than in Great Britain. 
Both fellowships carry, in addition, travelling and 
other incidental expenses. Application forms, to be 
completed by June 1, can be obtained from the 
Secretary, Medical Research Council, 38 Old Queen 
Street, Westminster, London, 8.W.1. 


Erratum. In the communication “Influence of 
Very Low Temperatures on the Hardness of Carbon 
Steels”’ (Nature, April 15, p. 610), the legend of the 
graph is incorrect: curve 1 shows the effect of 
immersion in liquid helium ; curve 2 that of quench- 
ing in brine; curve 3 refers to plain carbon steels. 
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THE SUCCINIC OXIDASE AND DIHYDROCOZYMASE OXIDASE 
SYSTEMS IN HEART MUSCLE AND KIDNEY PREPARATIONS 


By Dr. E. C. SLATER* 


Molteno Institute, University of Cambridge 


T is possible to obtain, from heart muscle and 
kidney, colloidal solutions of small granules which 
are essentially free from substrates, soluble coenzymes 
and the more soluble proteins'. These preparations 
are very active in bringing about the aerobic oxidation 
of succinate. The enzyme system (the succinic 
oxidase system) is complex, consisting of a number 
of components which transfer, by consecutive 
reactions, the hydrogen atoms (or the electrons 
derived therefrom) from succinate to molecular 
oxygen'-*. Keilin and Hartree! have directed atten- 
tion to the fact that the activity of the succinic 
oxidase system depends not only on the activity of 
the components of the system, but also on the 
structural integrity of the granules which brings the 
individual components into the most efficient relation- 
ship with one another. 

These same granule preparations are also able to 
oxidize dihydrocozymase (CoH,) very rapidly‘. It is 
the purpose of this communication to discuss briefly 
some points of resemblance and of difference between 
the succinic and dihydrocozymase oxidase systems. 

As would be expected, the two systems have 
different enzymes responsible for activating the sub- 
strates; but the subsequent reactions of the hydrogen 
atoms (or their electrons) appear to be very similar 
in the two systems, which may be formulated as 
follows*-*, where the arrows show the pathway taken 
by the hydrogen atoms (or electrons) from substrate 
to oxygen. 


succinate’ = cyt.* b 
4) 
iv 
factort — cyt. c — cyt.« — 
cyt. a, > O, 
CoH, — diaphorase 

* cyt. = cytochrome. 

+ = substance destroyed by certain reducing agents, for example, 
B.A.L. (2 : 3 dimercaptopropanol) in air. 

The differences between the two systems reside in 
the first few steps of the hydrogen transfer. Thus 
malonate, which inhibits the reaction between suc- 
cinate and cytochrome }, inhibits the oxidation of 
succinate, but not of dihydrocozymase (cf. Potter‘). 

Factors which affect the activity of the B.A.L.- 
sensitive factor, cytochrome c or cytochrome a;, on 
the other hand, inhibit the oxidation of both suc- 
cinate and dihydrocozymase. Thus cyanide, sulphide, 
azide and hydroxylamine, which are known as 
inhibitors of cytochrome a, (cytochrome oxidase) and 
of the succinic oxidase system, also inhibit the 
oxidation of dihydrocozymase. The relative effective- 
ness of the different inhibitors on the dihydrocozymase 
oxidase system is the same as on cytochrome oxidase. 
The inhibition by cyanide is completely reversed by 
dilution. Probably the most specific inhibitor of 
cytochrome oxidase is carbon monoxide, if use is 
made of the reversibility of the inhibition by bright 
light. The experiment described in the accompanying 
graph shows that the dihydrocozymase oxidase 
system of Keilin and Hartree’s heart muscle prepar- 
ation! is inhibited by carbon monoxide and that this 


* Australian National University Fellow 


inhibition is completely reversed by bright light. 
The changes in the cytochrome spectrum obtained 
by adding cyanide and carbon monoxide to heart 
muscle preparation and succinate, which led Keilin 
and Hartree to the identification of cytochrome a,’, 
can all be repeated using dihydrocozymase instead 
of succinate. The dihydrocozymase oxidase system 
of heart muscle preparation might be convenient for 


studying the photochemical absorption spectrum of 


the carbon monoxide—cytochrome oxidase com 
pound in heart muscle preparation, which, according 
to Melnick*, is different from that found by Kubowitz 
and Haas® in yeast. 
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INHIBITION OF DIHYDROCOZYMASE OXIDASE OF HEART MUSCLE 
PREPARATION BY CARBON MONOXIDE AND REVERSAL OF LIGHT 
Final concentrations: heart muscle preparation, 29 y»gm./ml. 
(fat-free dry wt.); dihy zymase, 45 x 107° M (at com- 
mencement of reaction); phosphate buffer (pH 7:3), 0-256 M 
The rate of decrease of the optical density at 340 my is a measure 
of the dihydrocozymase caliene activity. The reactions were 
carried out in 2-cm. cells with a narrow neck and close-fitting 
stopper. When filled (total volume = 5-0 ml.), there was only a 
small gas space. The gas mixture was bubbled through the 
solution of dihy zymase in phosphate buffer in the cel! for 
some time. At zero time, the heart muscle preparation was 
added, the cell transferred to the Beckmann compartment and 
readings taken with time. The effect of light was studied by 
removing the cell from the Beckmann compartment and placing it 
in the light from & mercury vapour lamp focused by two lenses for 
1 min. periods. Periods when the cells were in the dark (or in 
the very weak light of the Beckmann) are marked D, those in the 
bright light are marked Z. Gas phases: curve 1, air; curves 2 
and 3, 95-1 per cent carbon monoxide, 4-9 per cent oxygen. The 
measurements were made between 222° C. and 22-9° € 


In the presence of air, B.A.L. inhibits both oxidase 
systems ; the concentration of B.A.L. required to 
inhibit completely or almost completely the oxidation 
of the two substrates is about the same. The dihydro- 
cozymase oxidase system is rather more susceptible 
than the succinic oxidase to low concentrations 
of B.A.L. 
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It has been shown’? that the succinic oxidase 
system in kidney preparations differs from that in 
heart muscle preparations in one important respect, 
namely, the effect of added cytochrome c, which has 
little effect on the system of heart muscle, but greatly 
stimulates that in kidney preparation. (This is not 
jue to the removal of cytochrome c from the kidney 
preparation. For some reason which is not apparent, 
it seems that the granules in heart muscle withstand 
the preparative treatment better than those in 
kidney.) It has now been found that added cyto- 
chrome c has the same effect on the dihydrocozymase 
xidase system in these two preparations as on the 
succinic oxidase system. 

The two oxidase systems in heart muscle prepar- 
tions are affected in a very similar manner by 
changes of the concentration of phosphate buffer, 
)-1-0-15 M being optimal for both systems. The 
phosphate concentration probably affects the struc- 
tural integrity of the granules. 

Phenylurethane is another inhibitor of the succinic 
oxidase system! which also inhibits the oxidation of 
dihydrocozymase. 0-001 M phenylurethane inhibited 
the dihydrocozymase oxidase system by 82 per cent 
without having any effect on the diaphorase activity. 
This inhibition shows that the inhibiting effect of 
narcotics on respiration is not due specifically to 
their action on cytochrome 6, since the latter is not 
concerned in the oxidation of dihydrocozymase. 

Thus, the resemblances between the two oxidase 
systems, as they exist on the granules of heart muscle 
and kidney preparations, are perhaps more striking 
than the differences. Even quantitatively, the two 
systems have about the same activity at 30° C. (since 
the dihydrocozymase oxidase system has a consider- 
ably higher temperature coefficient, it is somewhat 
the more active at 37° C.). In the presence of cyanide 
and heart muscle preparation, succinate and dihydro- 
cozymase reduce added cytochrome c at about the 
same rate at 30° C. It can be calculated from : 
i) the observed rate of this reduction; (ii) the 
concentration of cytochrome c in the heart muscle 
preparation ; (iii) the fact that, at low concentrations 
of cytochrome c, the rate of reduction is proportional 
to the cytochrome c concentration; and (iv) the 
rate of oxidation of succinate or dihydrocozymase in 
the absence of cyanide and added cytochrome c ; 
that the endogenous cytochrome c of the heart muscle 
preparation is reduced 1,200 times as fast as the 
same concentration of added cytochrome c. 

It will be observed that, in the scheme proposed 
for the oxidation of -dihydrocozymase, the two 
enzymes are required for the reaction of dihydro- 
cozymase with cytochrome c (it is not excluded that 
more unidentified factors may also be required), that 
is, that dihydrocozymase — cytochrome c reductase is 
not, on the granules, a single enzyme. 

The B.A.L.-sensitive factor acts as a link between 
the two oxidase systems. A link between succinate 
and dihydrocozymase was suggested by Dewan and 
Green!*, who found an oxido-reduction between 
fumarate and the cozymase requiring enzyme 
8-hydroxybutyrate dehydrogenase. It has now been 
shown by direct measurement that fumarate oxidizes 
dihydrocozymase in the presence of heart muscle 
preparation and that this reaction is inhibited by 
malonate and, to the extent of 60 per cent, by treat- 
ment of the heart muscle preparation with B.A.L. 
It is believed that this reaction (or at least that 
fraction which is susceptible to B.A.L.) follows the 
pathway : 
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CoH, — diaphorase — factor — cyt. b — fumarate. 


The reaction is slow (2 per cent of that of the aerobic 
oxidation of dihydrocozymase), being probably 
limited by the reduction of cytochrome b by the 
factor, which is very likely strongly against the 
potential gradient. It can be calculated that the 
observed rate of anaerobic oxidation is about what 
one would expect if the factor has a potential midway 

between that of cytochrome 6 and cytochrome c. 

Phenylurethane (0-001 M) inhibited this reaction by 

74 per cent. 

I wish to thank Prof. D. Keilin for his stimulating 
advice during the course of this investigation. 

* Keilin, D., and Hartree, E. F., Proc. Roy. Soc., B, 129, 277 (1940); 
Biochem. J., 44, 205 (1949). 

* Slater, E. C., Biochem. J., 45, 1, 8, 14 (1949). 

* Ball, BE. G., Anfinsen. C. B., and Cooper, O., J. Biol Chem., 168, 
257 (1947); Ball, E. G., and Cooper, O., J. Biol. Chem., 180, 
113 (1949). 

* Slater, E. C., Biochem. J., 44, xlvili (1949). 

*The question whether an additional enzyme (succinic dehy dro- 
genase) is required for this reaction is left open (see Slater, E. C., 
Biochem. 45, 1 (1949). Pappenheimer, A. M., and Hence 
E. D., J. Biol. Chem., 180, 597 (1949)). 

* Potter, V. R., J. Biol. Chem., 184, 417 (1940). 

’ Keilin, D., and Hartree, E. F., Proc. Roy. Soc., B, 127, 167 (1939) 

* Melnick, J. L., J. Biol. Chem., 146, 385 (1942). 

* Kubowitz, F., and Haas, E., Biochem. Z., 255, 247 (1932). 

'® Dewan, J. G., and Green, D. E., Biochem. J., 31, 1074 (1937). 





ENZYMATIC INCORPORATION OF 
CARBON DIOXIDE IN 
OXALACETATE IN PIGEON LIVER 


By Dr. J. B. VEIGA SALLES, ISAAC HARARY, 
Dr. ROBERTO F. BANFI* and 
Pror. SEVERO OCHOA 


Department of Pharmacology, 
New York University College of Medicine 


"THE ‘malic’ enzyme isolated in this laboratory 
from pigeon liver’ has been shown to catalyse 
both reactions 1 and 2: 


(1) l-Malate + TPNox pel vi pyruvate+CO,+ TPNrea 





= 


(2) Oxalacetate "*+*) pyruvate + CO,. 


Reaction 1 is readily reversible and can therefore 
mediate in the incorporation of carbon dioxide in the 
8-carboxyl group of malate. On the other hand, 
although reaction 2 must on theoretical grounds be 
considered to be reversible, there is no clear proof 
that such is the case. This may be due to a very 
unfavourable equilibrium position. However, Utter 
and Wood? observed incorporation of isotopic carbon 
dioxide in the 8-carboxyl group of oxalacetate, when 
this keto-acid was decarboxylated at neutral pH in 
the presence of crude pigeon liver preparations and 
manganese ions (Mn**), provided that adenosine 
triphosphate was added. This was confirmed by 
Vennesland et al.* with partially purified preparations. 

A number of observations indicate that a reversal 
of reaction 2 cannot be responsible for the above 
fixation. We have found that, irrespective of the 
presence or absence of adenosine triphosphate, there 
is no fixation of carbor dioxide in oxalacetate under 
conditions which exclude the occurrence or partici- 
pation of reaction 1. Thus, with crude pigeon liver 
preparations in the presence of adenosine triphos- 
phate, fixation occurs at pH 7-0 and not at pH 4-5. 

* John Simon Guggenheim Memorial Fellow, 1947-48. 
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| Additions Total C**O, C™O, in 8-carboxy! of oxal- Specific radioactivity 
(micromoles) fixed acetate (counts/min./# mole) 
Enzymes Se eee - 1 Se Pe _ | - = + 
| ATP i-Malate | (counts/min.) | (counts/min.) per cent of | Oxalacetate Malate* 
| | | | total counts 
‘Malic’ enzymet 10 7,600 3,800 | 0-95 57 380 
‘Malic’ enzyme + malic | j 
dehydroge nase 10 10,440 8,900 2-20 144 | 154 
“Malic’ enzyme + malic | | | 
dehydrogenase 10 12,340 11,000 2-75 120 134 
“Malic” enzyme + malic | | } 
dehydrogenase 0 0 | 
“Malic” enzyme + malic | 
dehydrogenase 6 0 0 
Malic dehydrogenaset 10 0 0 } 
Crude pigeon liver preparation§ 68 | 0-001 | 1 
a - ae a 6 1,580 2-30 | 19 
10 1,510 2°20 19 





* Calculated from radioactivity remaining after heat decarboxylation of residual oxalacetate assuming that the malate added (10 m 


moles) remained unchanged. 


Under the conditions of these experiments, this radioactivity has been shown to be exclusively present in malat: 


t Specific activity 650 (cf. Ochoa et al.') containing no fumarase and only traces of malic dehydrogenase. 

t Prepared by Straub’s method, ref. 7 (free from ‘malic’ enzyme and fumarase). 

§ Dialysed ammonium sulphate fraction from acetone powder extract (ref. 5) 

Samples containing 0-008 M phosphate buffer pH 6-8, about 0-002 M Na,C€'*O, (400,000 counts/min. in experiments with purified 
entymes and 63,000 counts/min. in those with crude enzyme), 10 micromoles of MnCl,, 2 micromoles of TPN, about 150 micromoles of 


sodium oxalacetate adjusted to pH 7-0, and other additions as indicated, incubated at 30°. 
The purified enzymes were used approximately in the same amounts in which they \ 


varied from 50 to 80 per cent of that added. 


The amount of oxalacetate decarboxy lated 


present in the crude pigeon liver preparations. The experiments were carried out essentially according to Utter and Wood (ref. 2) and 


Vennesland et al. (ref. 3) 


The oxidative decarboxylation of malate (reaction 1) 
by the ‘malic’ enzyme has a sharp pH optimum at 
pH 7-4 and is almost negligible at pH 4-5, whereas 
the reverse is trve for the decarboxylation of oxal- 
acetate (reaction 2)‘. Partially purified preparations 
of oxalacetic carboxylase from Micrococcus lysodetk- 
ticus which catalyse reaction 2 but not reaction 15 
fail to fix carbon dioxide in oxalacetate (cf. also 
Plaut and Lardy‘). 

We now have evidence that fixation of radioactive 
earbon dioxide (C*O,) in oxalacetate can occur, in 
the presence of both ‘malic’ enzyme and malic 
dehydrogenase, through a TPN-linked dismutation 
between malate and oxalacetate to give pyruvate, 
carbon dioxide, and malate as indicated below. 
The solid arrows indicate the direction of faster 
reaction, the broken ones the direction of isotopic 
carbon dioxide incorporation. 





3) C*OOH—CH,—CHOH—COOH +TPN,x “!2**? 
l-Malate 
CH,—CO—COOH C*O, + TPNrea (‘malic’ 
Pyruvate | enzyme) 
4) C*OOH—CH,—CO—COOH + TPNrea => 


Oxalacetate 
C*OOH—CH,—CHOH—COOH + TPNox 
l-Malate (malic dehydrogenase)* 





++, TPN 
l-Malate + oxalacetate = = aol 
CO, + l-malate (dismutation) 


malic dehydrogenase can react 


(5) Sum: setae 
pyruvate + 
* As shown earlier (see ref. 5) 
with TPN 
Isotopic carbon dioxide would first be incorporated 
into the carboxyl of malate 8 to the hydroxyl group 
through reaction 3, and the labelled malate would 
be oxidized to §-carboxyl labelled oxalacetate by 
reaction 4. A small amount of malate would prime 
the overall reaction 5, since the concentration of 
malate remains constant and it can act catalytically. 
The net overall reaction would be a reversible de- 
carboxylation of oxalacetate (reaction 6), that is, the 
Wood and Werkman reaction. 


(Mn++, TPN, l-malate) 


(6) Oxalacetate ____, pyruvate + CO, 


(‘malic’ enzyme + malic dehydrogenase). 








The experiments with highly purified enzymes 
illustrated in the accompanying table support the 
above view. It may be seen that: (a) there is little 
fixation of isotopic carbon dioxide in oxalacetate with 
‘malic’ enzyme alone; the specific radioactivity of 
malate is much higher than that of oxalacetate. This 
means that free oxalacetate is not an intermediate in 
reaction 1. The occurrence of some fixation in 
oxalacetate is probably caused by the slight con 
tamination of the ‘malic’ enzyme with malic dehydro 
genase. (6) Fixation in oxalacetate increases on 
addition of malic dehydrogenase ; the specific radio 
activity of oxalacetate increases at the expense of 
that of malate. (c) There is no fixation in the absence 
of added malate irrespective of the presence or 
absence of adenosine triphosphate. 

It may further be observed that with crude pigeon 
liver preparations, malate can be substituted for 
adenosine triphosphate. This observation suggests 

-but does not prove—that in crude preparations 
adenosine triphosphate might act by making some 
malate available to prime reaction 6. This might 
oecur by way of the following reactions: glycogen 

+ phosphate 
phosphate = fructose-6-phosphate 
diphesphate = triose phosphate, followed by the 
dismutation: triose phosphate + oxalacetate = 
3-phosphoglycerate + malate. The crude liver pre- 
parations used in these experiments contain glycogen. 
They also contain small amounts of pyridine nucleo- 
tides (DPN and TPN) even after extensive dialysis. 

We are indebted to Mr. Morton C. Schneider for 
help with the enzyme preparations. The work was 
supported by grants from the United States Public 
Health Service, the American Cancer Society (recom- 
mended by the Committee on Growth of the National 
Research Council), the Office of Naval Research, and 
the Rockefeller Foundation. 


. glucose-l-phosphate =  glucose-6- 


+ ATP hexose 


‘Ochoa, 8., Mehler, A. H., and Kornberg, A., J. Biol. Chem., 174 
979 (1948). 

* Utter, M. F., and Wood, H. G., J. Biol. Chem., 164, 455 (1946) 

* Vennesland, B., Evans, E. A.,jun.,and Altman, K. I., J. Biol. Chem., 
171, 675 (1947). 

* Veiga Salles, J. B., and Ochoa, S. (to be published). 

* Mehler, A. H., Kornberg, A., Grisolia, S., and Ochoa, 8., J. Biol. 
Chem., 174, 961 (1948). 

* Plant, G. W. E., and Lardy, H. A., J. Biol. Chem., 180, 13 (1949) 

’ Straub, F. B., Z. physiol. Chem., 275, 63 (1942). 
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GOVERNMENT RESEARCH IN 
AUSTRALIA 


FIRST ANNUAL REPORT OF THE 
COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANISATION 


rT*HE first annual report of the Commonwealth of 

Australia Scientific and Industrial Research 
Organisation* covers the year ended June 30, 1949, 
und records that the work of the old Council for 
“cientific and Industrial Research is being carried on 
without any break, despite the administrative changes 
whereby the Organisation is governed by an executive 
f five persons, with an advisory council, in place of 
the former governing body (see Nature, April 22, p. 
638 

The Division of Aeronautics was transferred to the 
Department of Supply and Developasent in February 
1949. Stress is again laid on the development of 
North Australia, and investigation of the potentialities 
s not limited to agricultural development. Tn 
o-operation with the Queensland Government, a 
station has been established on Thursday Island at 
which research on oyster culture will be conducted, 
and from this base a research vessel of the Division 
f Fisheries will survey the northern coasts for 
ecurrences of marketable fish. 

In developing the programme of wool research, the 
main difficulties have been those associated with the 
provision of suitable buildings and field stations, but 
the Council of the Textile College of the Garden 
Institute of Technology has assisted the work on wool 
textiles by providing laboratory and office accom- 
modation. The Coal Survey Section, formed to survey 
the physical and chemical properties of Australian 
coals, has been renamed the Coal Research Section, 
and a site for its headquarters laboratory has been 
acquired in Sydney. A Wild Life Survey Section 
was established early in 1949 to handle the compre- 
hensive biological investigation of rabbit control and 
any other problem relating to native or introduced 
mammals or birds demanding study. 

The general body of the report is arranged by 
subjects rather than by Divisions, as in previous 
years. Shortage of trained staff has hampered the 
work on soils. Stress is laid on the work on seasonal 
changes in water content under houses and on work 
on Rhizobium, the genus responsible for nodulation 
f leguminous plants. Study of the problem of the 
decline of Wimmera rye grass in rye grass —sub- 
terranean clover pasture has continued, as well as 
field trials and pot-culture trials on the nutrient 
requirements of pastures on soils on the southern 
tablelands of New South Wales. The effects of plant- 
growth regulating substances on perennial weeds 
have been investigated with promising results, while 
fruit investigations have included a field survey of 
the occurrence of gummosis of apricots. Yellow- 
dwarf disease of tobacco was observed for the first 
time in north Queensland in 1948, while field trials of 
varieties of potato resistant to common scab con- 
tinued. Investigation of the mineral nutrition of 
plants in the Ninety-mile Plain, South Australia, has 
been extended. 

Work on nutrition has been largely confined to 
studies of the nutritional physiology of the sheep and 
*Commonwealth of Australia: Commonwealth Scientific and 
industrial Research Organisation. First Annual Report for the Year 


ending 30th June, 1949. Pp. vi+273. (Melbourne : Commonwealth 
Scientific and Industrial Research Organisation, 1949.) 
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the influence of nutrition on wool production. Some 
work was done on the toxicity to sheep of large 
rations of wheat and on vitamin D supplements, on 
the physiology of reproduction and the biology of skin 
and wool growth. Cattle tick and sheep blowfly 
continued to receive attention, and the Division of 
Entomology reports progress in various studies of 
insect physiology and toxicology, biological control, 
the control of locusts and grasshoppers, the distribu- 
tion of the pasture cockchafer and control of the 
red-legged earth mite. The activities of the Division 
of Fisheries were again extended, and three research 
vessels have been operating full-time on exploratory 
and general biological work, and a fourth for some 
three months. The nature and scope of the research 
work of the Division of Food Preservation and Trans- 
port have recently been reviewed and, in view of the 
shortaze of both staff and accommodation, it is 
being curtailed in extent. The anaerobic destruction 
of ascorbic acid is being investigated, the factors 
which govern the stability of type-A botulinum toxin 
when heated in canned vegetables have been eluci 
dated, and an investigation of the factors affecting 
the germination of heat-resistant spores has been 
resumed. The canning of vegetables and fruit has 
continued to receive attention, and the causes of 
bitterness in fruit juices have been investigated, as 
well as the effect of sulphonated oils, fatty-acid esters, 
sulphated fatty-acid esters and wetting-agents in 
drying sultanas. 

The Division of Forest Products has directed 
special attention to the problem of waste of timber ; 
but much more knowledge is required of the basic 
chemical, physical and mechanical properties of 
Australian woods before the problem as a whole is 
solved. More than four thousand inquiries for 
information were received by this Division during 
the year, and the co-operative research scheme with 
the paper companies functioned smoothly and 
effectively. A technique developed for examining the 
living content of ray cells in material specially fixed 
immediately after felling has shown that timbers 
may fall into three classes. Growth studies on 
Eucalyptus gigantea and on siliceous inclusions in 
timber continued, as did studies on lignin and related 
compounds, wood carbohydrates and the alkaline 
hydrolysis of holocellulose. The Building Research 
Section reports steady progress in existing investiga- 
tions, but work on architectural acoustics was the 
only new project of importance. Among the activities 
of the Wool Textile Research Section may be men- 
tioned the investigations of methods of forming vinyl! 
polymers in wool and of the properties of the treated 
fibres, of the mode of formation of keratin and other 
constituents of the wool root, and the fractionation 
and characterization of extracellular mould enzymes. 
In addition to research on flax processing, work is in 
progress on the spinning, bleaching and weaving of 
flax yarns, while that on the bacteria responsible for 
water-retting promises substantial improvements in 
water-retting in Australia. 

Some improvement in the staff conditions has been 
reported by the Division of Industrial Chemistry, but 
work generally has continued on the same lines as in 
the previous year. Electron-microscopical studies on 
biological problems of importance in medical and 
veterinary science and in industry have been under- 
taken, including a study of secondary phenomena in 
electron diffraction, and work is in progress on a new 
method of separation based on selective adsorption. 
Ore-dressing work has been carried out at Kalgoorlie 
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and at Melbourne, and the reason for the interference 
of calcium ions in the flotation of topaz has been 
determined. In the field of physical metallurgy the 
fabrication of titanium, the effect of small additions 
of other elements on the structure and mechanical 
behaviour of lead, and -the strength and structure of 
metals are the chief problems to receive attention. 

The Division of Metrology has been rearranged 
into standards, research and test work, with very 
good results, while, in addition to maintaining the 
Commonwealth standards of measurement of heat 
and light and associated quantities and the primary 
electrical standards, the Division of Physics has 
undertaken major projects in the study of phenomena 
associated with precipitation and the installation of 
equipment for research at very low temperatures and 
in solar physics. In the Division of Electrotechnology 
a separate mathematical section has been formed, and 
the measuring facilities of the Division have been 
extended. Significant advances have been made in 
investigating the relation between molecular structure 
and dielectric properties. Continuing and extending 
the work of the previous year, the Division of Radio- 
physics has concentrated attention on fundamental 
studies of the radio-frequency radiation from the sun 
and the galaxy, the application of radar techniques 
to the study of natural and artificial rain formation, 
electronic methods of solving mathematical problems, 
and radio and radar methods of navigation and 
surveying. Plans for the work of the Meteorological 
Physics Section have been broadly determined, and 
theoretical and practical studies of the movement 
and behaviour of pressure systems continued, as well 
as experiments on the artificial stimulation of rainfall 
by the dry-ice process. 

The Organisation is co-operating with the Univer- 
sity of Melbourne in a programme of research on 
nuclear physics and cosmic rays under the direction 
of Prof. L. H. Martin, and has aimed at a study of 
the forces within the nucleus of the atom. Co- 
operative investigations on cosmic rays are also being 
undertaken with the University of Tasmania. Tracer- 
element investigations have been extended, but 
arrangements have been made to obtain supplies of 
radioactive isotopes from overseas and to develop 
a service for their handling by, and distribution to, 
research workers in Ausétralia. 


GOVERNMENT RESEARCH IN 
NEW ZEALAND 


ANNUAL REPORT OF THE DEPARTMENT OF 
SCIENTIFIC AND INDUSTRIAL RESEARCH 


HE twenty-third annual report of the Depart- 
ment of Scientific and Industrial Research, New 
Zealand, covering the year ended March 31, 1949*, 
includes the Minister’s statemerit, the Secretary’s 
report, and reports from the branches, divisions and 
research committees or research associations, as well 
as from the university colleges and the Cawthron 
Institute. 2esults during the year came from an 
aggregate of small achievements in many fields rather 
than from a few outstanding developments, and the 
demands made on the Department for assistance 
were greater than its resources and accommodation 
* New Zealand. Twenty-third Annual Report of the Department 


of Scientific and Industrial Research. Pp. 88. (Wellington: Govern- 
ment Printer, 1949.) 1s. Od. 
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could meet. The departmental organisation was 
arranged to provide for co-operative attack on 
problems by men of science trained in different 
techniques, and every effort was made to shorten the 
time-lag between the attainment of useful results and 
their being put into practice. Full use was made of 
the help available from the presence in New Zealand 
of some two hundred overseas scientific workers 
attending the Seventh Pacific Science Congress, and 
the exchange of ideas during the Congress made 
& great contribution to New Zealand’s scientific 
effort. 

Intensive work on improvement in the quality 
of pastures for all types of country led to improved 
strains of rye-grass and cocksfoot which were proved 
during the year. Prolonged tests on these and on 
clovers showed that the research work has yielded 
strains which under New Zealand conditions give 
marked increases in food values compared with the 
best selections from other countries. Progress was 
made towards an understanding of the response of 
pasture to top-dressing with phosphates, nitrogen 
and potash, and an entirely new view of nitrogen 
intake by the grazed pasture plant and its use in the 
leaf had to be adopted. Advances are also reported 
in the knowledge of methods for improving pasture 
in the hill country of both Islands, and plant-breeding 
work led to improved quality in stock fodder crops 
such as swedes, kale and lupins. An intensive pro 
gramme of research on insect pests and fungus, 
bacterial and virus diseases of all farm crops was 
maintained, while, after exhaustive tests, three new 
varieties of apple of English origin and five varicties 
of peaches from Australia were selected for issue to 
New Zealand growers. Plant-breeding work at the 
Wheat Research Institute promised to afford varieties 
superior even to Hilgendorf in quality. 

The Plant Chemistry Laboratory, besides working 
out two methods for determining minute amounts of 
weedkillers of the hormone type, also had a pilot- 
seale fermentation plant which could be utilized for 
practically any type of industrial fermentation and 
was studying the antagonistic properties of endemic 
species of Polyporacee and of Actinomycetes from 
soil samples of varied origin. The recently established 
Hop Research Station did much useful preliminary 
work, and the Dairy Research Institute, which in 
1947 ceased to be a unit of the Department, con- 
tinued to work on similar lines and developed on a 
commercial scale the system of pressing and wrapping 
cheese in ‘Pliofilm’. Much assistance was rendered 
by the Department and the Cawthron Institute to 
the tobacco industry, and the Dominion Laboratory 
undertook a growing volume of research work for 
industry, including some of the difficult new methods 
where radioactive isotopes are used. 

The Auckland Industrial Development Labor 
atories and the Canterbury College Industrial 
Development Department continued to provide 
valuable assistance to State Departments as wel! as 
to industry, as did the Dominion Physical Laboratory, 
where a laboratory for electron microscopy to serve 
all research workers in New Zealand was established 
An electrical-resistance type of thermometer was in 
the process of being developed with the object of 
devising a reliable temperature alarm to protect 
fruit growers from serious losses due to frosts. At 
the request of the Dominion Observatory a quartz 
crystal-controlled electric clock was built to operate 
from a battery supply, and an automatic exposure 
timer for use in X-radiography and photofluorography 
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was being designed for the Department of Health, as 
well as equipment to record blood pressures of patients 
undergoing surgical operations under anzwsthesia. The 
geophysical branches were reorganised during the 
year to provide for improved operation of the mag- 


netic survey, ionosphere, seismology and oceano- 
graphy activities of the Department, while the 
strengthening of the staff cf the Geological Survey 
contributed chiefly to progress with coal surveys and 
surveys of sites for hydro-electric dams. Studies in 
vuleanology and the use of geothermal power were 
also initiated. 


BRITISH JOURNAL OF APPLIED 
PHYSICS 
A NEW MONTHLY PUBLICATION 


TJ “HE Institute of Physics has always stressed the 

| importance of the application of physics in 
industry, and, as early as 1923, it commenced the 
publication of the “‘Physics in Industry” series. This 
series of monographs contains lectures and symposia 
given before the Institute, its branches and subject 
groups, and specially written reports on branches of 
applied physics. From time to time during the past 
fifteen years, contributions devoted to applied physics 
have also appeared in the Institute’s monthly Journal 
of Scientific Instruments, and for the past two years 
the applied physics articles have been gathered 
together into a separate section of the Journal, which 
has been given the extended title of Journal of 
Scientific Instruments and of Physics in Industry. In 
January of this year the Institute launched a new 
monthly publication, the British Journal of Applied 
Physics*, the primary object of which is to announce 
new applications of physics, especially in industry, 
and developments of those already known. With the 
commencement of this new journal, the Journal of 
Scientific Instruments has reverted to its original 
title and to its original object with articles devoted 
solely to scientific instruments and apparatus. 


The first three numbers of the British Journal of 


ipplied Physics have a format similar to that of the 
Journal of Scientific Instruments, and it is evident 
that a high standard of presentation is being aimed 
at. Original papers of scientific merit, special survey 
articles in the field of applied physics, selections from 
the lectures, and discussions and symposia arranged 
by the Institute and its groups and branches at home 
and overseas are to form the main contents of the 
new Journal. In addition, there are book reviews, 
correspondence, technical notes and news items. 
Special articles which have so far appeared are by 
Sir Philip Morris on scientific education, the sub- 
stance of which he delivered at the inaugural meeting 
of the Education Group of the Institute on October 5, 
1949 ; by J. Moore on chemical and physical proper 
ties of rubber ; and by T. Bedford on environmental 
warmth and human comfort. The original contri- 
butions, which average four per issue, cover @ very 
wide field and include articles on paper, electronics, 
photo-elasticity and rotating mechanisms. In the 
March number the leading article is a summarized 
report of the proceedings of the meeting, held at 
Buxton in May 1949, on the investigation of bio- 
logical systems by the electron microscope and by 
X-ray analysis. 

* British Journal of Applied Physics. (Monthly.) 


January. Pp. 32. (London: Institute of Physics, 1950.) 6s. ; 
subscription, 60. 


Vol. 1, No. 1, 
annual 


NATURE 


679 


The Council of the Royal Society has made a grant 
towards the cost of the new venture, and the Council 
of the Physical Society has given its support and 
encouragement. The new Journal will be welcomed 
by the large nurnber of physicists now employed in 
industry, and it will prove valuable to those engaged 
on fundamental physics by giving them an insight 
into the problems and developments in the rapidly 
expanding industrial field. 


AFFORESTATION IN EUROPE 


MONG the subjects considered in the September 

1949 issue of Forestry Abstracts (11, No. 1; Oxford : 
Commonwealth Forestry Bureau) are some brief 
reviews on afforestation. J. Tuzson describes some 
experiments for afforestation on the great plain of 
Hungary. The trees being experimented with are 
both exotic conifers and hardwoods. The somewhat 
difficult soil and climatic factors of the great Hun- 
garian plain make forestry by no means easy; for 
that reason the experiments so far undertaken are 
of very considerable interest, and the paper merits 
study. A bulletin on the afforestation of the Plateau 
of Millevaches, by M. Vazeilles, gives an account of 
the reclamation and afforestation of some 156,000 
hectares of barren heathland in the Limousin. 
Various exotics are being experimented with in order 
to find, it is said, the most suitable species for the 
area. From the afforestation work which was under- 
taken between the two World Wars in the Auvergne 
mountains and the small plateaux, one would have 
thought that the indigenous species would probably 
give better results than some of the more popular 
exotics. 

Mountain planting in Italy is discussed by M. 
Zajaczkowski in the Quarterly Journal of Forestry 
(43; 1949). This paper deals with methods of 
planting used on steep eroded slopes of the Apennines 
and is of value, since it discusses three methods 
which should be well known nowadays in dealing 
with similar types of afforestation. The methods are 
(1) cultivated patches (bucche), (2) contour terracing 
(gradoni), (3) discontinuous terracing (piazzole) 
between widely spaced contour terraces. Methods 
and cost and a brief account of nursery practice are 
given. 

astly, there is an article in Gozd. Vestn., 5 (1, 2); 
1946 (Sloven) by V. Beltram, entitled “Afforestation 
of the Karst is no Problem’”’. The author, making use 
of the report of the Karst Afforestation Commission, 
reviews forestry work done between 1886 and 1911 in 
the Karst region of Slovenia in the light of his own 
experience in the Dalmatian islands, which are also 
of Karst type. The work was exclusively a planting 
one and no direct sowings were made; and it also 
favoured the exclusive use of Pinus nigra, which 
constituted 91 per cent of the planting stock. It 
was found, however, that owing to the long distances 
between the nurseries and the planting sites, and 
partly because Pinus nigra is not suited to the 
region, 71 per cent of the entire stock had to be 
replaced. On the other hand, Pinus sylvestris, of 
which small amounts were planted, is found to do 
better and to regenerate abundantly. From his 
experience the author advocates sowing rather 
than planting, since the former is 60 per cent 
cheaper, and he describes the methods he would 
propose to use. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves . responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Preparation of Crystals Containing Protease 
from Aspergillus oryze 

A sTRaIN of the mould Aspergillus oryz@ (selected 
from an original culture of Aspergillus flavus-oryze 
492-2795, kindly supplied by Dr. Charles Thom), 
grown for ten days at 21° C. on liquid medium con- 
taining sucrose, tartrate, inorganic salts and ammon- 
ium salts as the sole source of nitrogen, has been 
found to produce a highly active protease system 
in the culture medium. 

Partial purification of this system has been effected 
in the following way: 20 litres culture filtrate was 
cooled to 2° C. and precipitated with 40 litres ethanol 
at — 25°C. After settling for 1 hr. in a chamber 
at 25° C., the precipitate was recovered, suspended 
in 500 ml. water, dialysed with agitation for 1 hr. 
against running tap water, centrifuged to remove 
insoluble salts, and dialysed for a further 2 hr. Acetate 
buffer (200 ml., pH 4-0, 1-0 /) was added to the solu- 
tion, which was then diluted to 2 L, cooled to 2° C., 
and fractionated at this temperature by adding 
ethanol until the concentration reached approxim- 
ately 45 per cent by volume for the first fraction, 
and 60 per cent for the second fraction. The first 
ethanol precipitate contained most of the mould 
catalase, sucrase, and some amylase, and represented 
about one-quarter of the total protein. The second 
contained the mould proteases and most of the re- 
maining protein. The protease precipitate was 
dissolved in a@ minimum quantity of water, treated 
with sufficient 4M ammonium sulphate to produce 
cloudiness, filtered, and held at 2° C. The concentra- 
tion of sulphate required to produce cloudiness was 
usually 2-7 M. Needle-shaped crystals, mostly in the 
form of rosettes, appeared within 24 hr. and con- 
tinued to form during several days. These enzyme- 
rich crystals were recovered by centrifuging repeatedly 
and were dried in vacuo to yield up to 10 gm. dry 
material containing 60 per cent ammonium sulphate. 
The crystals dissolve slowly in water and may be 
recrystallized in the form of sheaves of extremely long 
slender needles by preparing a saturated aqueous solu- 
tion at 30° C. and holding it for several days at 2° C. 

When the enzyme is precipitated under unfavour- 
able conditions, submicroscopic particles are formed, 
and these show double refraction of flow. The same 





Recrystallized material rich in protease from A. 








April 29, 1950 vol. 16: 


Relative proteolytic activity per 
unit of protein nitrogen 





Gelatin Digestion | 

viscosity | of low mole- | Hemoglobin 
reduction cular-weight | digestion 
method! gelatin | method’ 


Enzyme 








| Crystalline mould pro- 


100 100 


tease from A. oryza 100 
Crystalline trypsin | 

(Armour) 29 100 1 
Crystalline chymotrypsin 

(Armour) | 1 3 
Crystalline pepsin | 

(Armour) — ' 3 2 
Papain (Parke Davis) 16 | 33 73 


property is displayed when the enzyme crystals are 
suspended in water, due to their dissociation into 


minute asymmetric particles before dissolving com 
pletely. 


Comparison of once-crystallized mould protease 


with several other well-known proteases shows that 
it ranks with trypsin as the most active enzyme with 
respect to extensive digestion of gelatin ; it is slightly 
more active than papain, the best of the other pre. 
parations with respect to the digestion of hemo 
globin ; and is considerably more active than any of 
the other enzymes in reducing the viscosity of gelatin. 

Solutions of the crystals probably contain at least 
two proteolytic enzymes, one reducing the viscosity 
of gelatin, the other acting on the lower molecular 
weight components of gelatin. Esterase activity is 
also associated with the crystals, though it is not 
yet known whether this is due to the presence of a 
true esterase or to unspecific action of one of the 
proteases. 

A preliminary examination of the crystals has been 
made by electrophoresis and in the ultracentrifuge at 
the Harvard Medical School, Department of Physical 
Chemistry, through the courtesy of Prof. E. J. Cohn 
and colleagues. By the former method, using phos- 
phate buffer at an ionic strength of 0-1 and at pH 7-0, 
an apparently homogeneous component constituting 
about 83 per cent of the total protein was separated. 
The ultracentrifuge indicated that 90 per cent of the 
total protein consisted of a single component. Further 
physical measurements at different pH values and ionic 
strengths, and a more detailed examination of the 
properties of the enzymic constituents, will be 
necessary to determine whether the crystals contain 
several enzymes, and whether these components can 
be identified by physical methods. 

“So far as can be ascertained, the foregoing is the 
first account of the preparation of crystals containing 
mould enzymes. 

Our thanks are due to Miss M. E. Maxwell, of this 
Section, who selected the strain of mould, developed 
the culture medium used, and supplied the culture 
filtrate used in these investigations. The work, which 
will be reported in greater detail elsewhere, was 
carried out as part of the research programme of the 
Division of Industrial Chemistry of the Common 
wealth Scientific and Industrial Research Organisa- 
tion. 

W. G. CREWTHER 
F. G. Lennox 
Biochemistry Section, 
Division of Industrial Chemistry, 
Commonwealth Scientific and Industrial 

Research Organisation, Melbourne. 

' Lennox, F. G., and Ellis, W. J., Biochem. J., 38, 465 (1945). 
* Crewther, W. G. (unpublished). 
* Anson, M. L., J. Gen. Physiol., 22, 79 (1938). 
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Action of Histamine on Procaine 
Nerve Block 


IN a communication in Nature of October 22, 1949, 
Béradny and Nordquist! reported certain observations 
on the action of histamine on nerve block caused by 
procaine and pyribenzamine. They were led to per- 
form these experiments because histamine has been 
found in nerves**, because most antihistaminic 
drugs are local anzsthetics, and because it has been 
shown that the local anzsthetic procaine also has 
an antihistaminic action**. Ldara4ny and Nordquist 
found that, using the gastrocnemius muscle as an 
index of conduction in the frog sciatic nerve, histamine 
syntagonized the local anzsthetic action of procaine 
ind pyribenzamine. But it must be remarked that 
the concentration of histamine used, 0-4—0-6 per cent 
histamine dihydrochloride, was very large and unlikely 
to be encountered under physiological conditions. 
We have repeated the experiments of Bérény and 
Nordquist, using the isolated frog sciatic nerve and 
testing conduction by recording the action potentials 
with an amplifier and cathode-ray oscilloscope. The 
nerve was stimulated supramaximally by 100-200 
microsecond pulses at a frequency of 4-10 per second 
from & square-wave stimulator. We tested the effect 
f 0-3 per cent procaine hydrochloride in frog Ringer 
slone and of mixtures of 0-3 per cent procaine hydro- 
hloride and 0-4 per cent histamine dihydrochloride 
in frog Ringer, and confirmed the results of Baérany 
and Nordquist to the extent that the blocking activity 
of the two solutions is different. The solution of 
procaine completely blocked the nerve in four to six 
minutes, whereas the mixture of procaine and hist- 
amine took much longer to block the nerve or merely 
reduced the size of the action potential without 
abolishing it. 
It is well known that the free base is the active 
mstituent of a local anzsthetic salt such as procaine 
hydrochloride ; the effect of the drug is greater at 
an alkaline pH, whereas the activity is less as the pH 
becomes lower*-*. The pH of our frog Ringer solution 
was 7-4, of the 0-3 per cent procaine hydrochloride in 
Ringer 6-8-7-0, and of the mixture of 0-3 per cent 
procaine hydrochloride and 0-4 per cent histamine 
lihydrochloride about 4-8, since the histamine salt 
s strongly acid. It therefore occurred to us that the 
spparent inhibition of local anzwsthetic action by 
histamine might be due to the difference in pH. 
Experiments were carried out testing the blocking 
effect of procaine hydrochloride alone and of mixtures 
f procaine hydrochloride and histamine dihydro- 
chloride at pH 3, pH 5 and pH 7. The pH was ad- 
justed with hydrochloric acid or sodium bicarbonate 
and was tested with a pH meter. 

The results of these experiments are as follows: 


1) Effect of pH on the anesthetic potency of 0-3 per 
cent procaine hydrochloride alone. The pH of the 
inadjusted solution was 6-8-7-0; in this pH range, 
the nerve was completely blocked in four to six 
minutes. At pH 5, it took twelve to fourteen minutes. 
At pH 3, the nerve was not blocked. 

b) Effect of pH on the anesthetic potency of mizx- 
tures of 0-3 per cent procaine hydrochloride and 0-4 per 
ent histamine dihydrochloride. The pH of the un- 
adjusted solution was 4-4-5-0, usually 4-8. This 
mixture either merely reduced the spike height or 
took ten to forty minutes to cause complete block. 
At pH 3, the nerve was not blocked. At pH 7, con- 
duction was blocked in two to five minutes, slightly 
more rapidly than by procaine alone. 
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From these observations we suggest that the 
apparent inhibition of procaine block by histamine 
dihydrochloride is due primarily to the effect of the 
acid pH of this solution in depressing the dissociation 
of the anzsthetic salt, and hence reducing the amount 
of free base present. 

G. CABRERA 
JessE E. THomMpson 
Nuffield Institute for Medical Research, 
Oxford. 
Jan. 24. 
' Bardny, E., and Nordquist, P., Nature, 164, 701 (1949). 
* Kwiatkowski, H., J. Physiol., 102, 32 (1943). 
* Euler, U. 8. von, J. Physiol., 107, 10 (1948). 
* Frommel, E., Favre, M., and Vallette, F., Arch. int. pharmacodyn., 
73, 355 (1947). 
* Halpern, B. N., C.R. Soc. Biol., Paris, 139, 677 (1945). 
* Gerlough, T. D., J. Pharm. and Exp. Ther., 41, 307 (1931). 
’ Hirschfelder, A. D., and Bieter, R. N., Physiol. Rev., 12, 190 (1932). 
* Trevan, J. W., and Boock, E., Brit. J. Exp. Path., 8, 307 (1927). 


Fluoroacetate and the Tricarboxylic Acid 
Cycle in Nematode Parasites 


Conceptions of the mode of action of fluoroacetate 
are varied and conflicting, according to the biological 
material studied'*. Another reaction of fluoro- 
acetate, in nematode parasites, in which it appears 
to inhibit oxidation within the Krebs tricarboxylic 
acid cycle, is reported here. 

In the experiments outlined below, the action of 
the sodium salt to monofluoroacetic acid on the 
nematode parasites, Nematodirus spathiger, Nema- 
todirus filicollis and Ascaridia gaili, is described. 
Respiration studies were carried out using the direct 
manometric technique of Warburg, and citrate 
estimations were performed by the method of Pucher, 
Sherman and Vickery* as modified by Krebs and 
Eggleston’. The parasites were either ground to a 
bret with sand or minced in a mincer of the type 
of Seevers and Shideman*. Pigeon breast muscle 
and pigeon liver, treated in the same way, were used 
for comparison. 

Fluoroacetate of concentration 0:01M had a 
marked inhibitory effect on the respiration of the 
parasites. Nematodirus spp. was most affected ; 
its respiration was inhibited 70 per cent by 0-01 M 
fluoroacetate. In contrast, this concentration of the 
poison had no effect on the respiration of pigeon 
breast muscle. 

The inhibition of respiration caused by 0-01 M 
fluoroacetate was decreased and in some cases 
abolished by the addition of the tricarboxylic acid 
cycle intermediates, «-ketoglutarate, succinate, fum- 
arate, malate and oxaloacetate. In a typical experi- 
ment, in which 0°01 M fluoroacetate inhibited 60 
per cent, 0-01 M succinate and 0-01 M a-keto- 
glutarate completely abolished this inhibition ; 
0-01 M fumarate decreased the inhibition to 20 per 
cent, and 0-01 _M malate and 0-01 M oxaloacetate 
each decreased the inhibition to 15 per cent. 

Acetate could be utilized in the parasites by means 
of the tricarboxylic acid cycle. Acetate, or its 
products, condensed with oxaloacetate to form 
citrate, and the citrate so formed was metabolized, 
at least partially, by way of the tricarboxylic acid 
cycle*. The addition of fluoroacetate caused increased 
yields of citrate in this condensation. This is prob- 
ably due to inhibition of aerobic citrate utilization 
by fluoroacetate in the parasites. Under aerobic 
conditions, 0-01 _M fluoroacetate caused complete 
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under anaerobic 
citrate 


utilization ; 
had no effect on 


inhibition of citrate 
conditions, fluoroacetate 
utilization. 

Again these results are in striking contrast with 
those obtained with pigeon breast muscle and pigeon 
liver, in which 0-01 M fluoroacetate had no effect 
on the utilization of citrate, either under aerobic or 
anaerobic conditions. 

The results suggest the existence in the nema- 
todes of a form of the tricarboxylic acid cycle 
containing an enzymatic step involving citrate or a 
similar substance, which is inhibited by fluoroacetate. 

A detailed account of this work, which was part 
of the research programme of the Division of Animal 
Health and Production, Commonwealth Scientific 
and, Industrial Research Organisation, will be pub- 
lished elsewhere. 

VINCENT MASSEY 
(Ian MeMaster Scholar 
W. P. RoGErs 

McMaster Animal Health Laboratory, 

Division of Animal Health and Production, 
Commonwealth Scientific and 
Industrial Research Organisation, 
Sydney. Sept. 27. 


Bartlett, G. R., and Barron, E. 5. G., J. Biol. Chem., 170, 67 (1947 


* Kalnitsky, G., and Barron, E. 8S. G., J. Biol. Chem., 170, 83 (1947 
* Kalnitsky, G., and Barron, E. 8. G., Archiv. Biochem., 19, 75 (1945). 
* Bueding, E., J. Exp. Med., 89, 107 (1949) 

* Black, 8., and Hutchens, J. C., Archiv. Biochem., 17, 211 (1948) 


* Pucher, G _W Sherman, C. C., and Vickery, H. B., J. 


113, 2 1936) 
’ Krebs, H. A., and Eggleston, F., Biochem. J., £8, 426 (1944) 
* Seevers, M. H., and Shideman, F. E., Science, 94, 351 (1941) 
* Massey, V.. and Rogers, W. P., Aust. J. Sci. Ree., B (in the press) 


Frequency of Microcythemia in some 
Italian Districts 


Ir has been demonstrated! that ‘microcythemia’ 
or ‘thalasshemia’ depends on a single gene pair with 
semi-dominance. The heterozygotes Mm are micro- 
cythemics, that is, entirely viable individuals, either 
normal, or suffering from a mild form of anhwemia. 
The homozygotes MM, on the contrary, are affected 
by Cooley’s disease and die early in childhood. The 
two forms are also cglled by American authors 
‘thalasshemia minor’ (Mm), and ‘thalasshemia 
major’ (.WZM). 

The frequency of the distribution of microcythe- 
mics in Italy has been determined in several localities 
by Silvestroni and Bianco*. It ranges from 0-47 per 
cent (Florence) up to 10-4 per cent (average of 
several villages in the district of Ferrara), with a 
rather irregular distribution through the Italian 
peninsula and isles. The statistical significance of 
the differences has been ascertained. Nothing is 
known as to the origin and significance of such 
diversities. The high percentage of microcythemics 
in some populations raises an interesting genetical 
problem, which will be dealt with briefly below, on 
the basis of records recently made tby Silvestroni 
and Bianco in five small centres of the district of 
Ferrara. 

First, the frequency of microcythemics may be 
regerded as constant through many generations, or 
it might be variable, either decreasing or increasing. 
In the absence of any information, we suppose it 
constant, or oscillating about an average of, say, 
10 per cent. Now the question arises as to how such 
a high percentage of heterozygotes can be preserved 
through many generations, although the gene is 
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being constantly eliminated (the homozygotes al! cic 
before reproduction). Since the gene frequency in 
the population is 5 per cent, it should be in the next 
generation only 4-75 per cent, with a loss of 0-25 per 
cent, if matings occur at random, and no other pro 
cess counteracts the normal spread of the gene \/ 
If the frequency of microcythemics remains constant, 
as we have postulated, this diminution does not ocew 

Four hypotheses may be put forward to ex)lai) 
this fact : (1) the gene might have, in the heterozygous 
condition, a positive selective value; (2) the muta 
tion frequency from m to M might be such as to 
balance the loss; (3) mating may not occur at 
random ; (4) the fertility of some genotypes may lx 
higher. 

The first possibility seems inconsistent with some 
observations by Silvestroni and Bianco concerning 
the average age of death of microcythemics in 
comparison with the normals, and is, indeed, disproved 
by what will be said under (4) (cf. Table 2). 

The second possibility seems rather improbable. 
A mutation frequency of 2-5 x 10-* per gene per 
generation would be by far the highest found so far 
in man*, Even if it were postulated, it would bx 
difficult to explain why it is limited to some loca 
populations in Italy, whereas other neighbouring 
populations have a much lower frequency of mutation. 

The third hypothesis, namely, non-random mating, 
has been tested. The results are presented in Table 1, 
and show beyond any doubt that there is no selection 
in marriage. The fourth hypothesis has also been 
tested, and the summarized data are presented in 
Table 2. 


TABLE 1. FREQUENCY OF THE THREE MATING TYPES 


The es frequencies are calculated from the frequency of 
reterozygotes found in the population, 10-4 per cent) 





Frequencies 


Mating types 2 
Observed 


Observed Expected 
(percent) | (per cent 
mm < mm 1,170 80°25 80-25 
Mm X mm 269 18-66 18°45 
Mm x Mm 19 1-09 1 “36 
TABLE 2. FERTILITY OF THE THREE MATING TYPES 
Average num- | Average num- 
Number | ber of children | Standard ber of living 


Mating types | of pairs born per error children 
| family per family 
mm mm 1,170 3-60 +0 -087 | 3-14 
Mm x mm 269 3-62 +0°17 3°03 
MM x MM 19 5-89 +0°96 3-26 


It appears that the mating types mm x mm and 
Mm x mm have essentially the same fertility. 
namely, 3-6 children per family. The families in 
which both parents are heterozygous, on the con- 
trary, have an average of 5-9 children each. Although 
the number of such families, in the present body 
of data, is still scanty, and therefore the standard 
error is rather high, we think that the difference is 
significant. A more precise estimation of its value 
requires, of course, the collection of further records. 

We conclude, therefore, that a cause, probably the 
major one, of the persistence of such a high frequency 
of microcythemics in the district of Ferrara is the 
higher fertility of the families in which both parents 
are heterozygous. Whether the numerical value is 
sufficient to account entirely for the genic equilibrium 
postulated is a question which requires further 
records and a suitable analysis. We are indebted to 
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Prof. J. B. 8S. Haldane for a scheme of calculation, 
which we intend to use as soon as we have sufficient 
lata 

E. SILVESTRONI 

I. Branco 

G. MONTALENTI 


. a SINISC " 
Medical Clinic, M. SINISCALCO 


University of Rome, 
and 
Institute of Genetics, 
University of Naples. 
Nov. 23. 
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Arterenol Content of the Mammalian 
and Human Adrenal Medulla 


Holtz, Credner and Kroneberg' some years ago 
showed that in human urine there is a sympathetic 
pressor substance called by them ‘urosympathin’. In 
patients with essential hypertension, ‘urosympathin’ 
was secreted in larger quantities than in normal 
ndividuals. The active substance isolated by absorption 
m aluminium hydroxide and elution with sodium 
lihydrogen phosphate was evaluated against adrena 
ine using the blood pressure of the cat for assay. A 
ose of ‘urosympathin’ equal in this assay to a cer 

tain amount of adrenaline had a weaker effect on the 

blood pressure of the rabbit and on the isolated rabbit 
ntestine. Contrary to adrenaline, its pressor effect 
vas not reversed by sympathicolytics but only 
weakened. Polyphenoloxidase destroyed its activity. 

Where the ‘urosympathin’ differed pharmacologically 
from adrenaline, it resembled the demethylated de- 

vative nor-adrenaline or arterenol. Experiments* 

t yet published showed that the ‘urosympathin’ 

animals’ urine also contains arterenol as chief 
nstituent. 

Two sources of urinary arterenol were considered? : 

1) the sympathetic nerves, in view of the pharmaco 
ogical similarity between arterenol and the ‘sym- 
pathin E’ of Cannon; (2) the suprarenal medulla. 

The work of Euler*® has shown that the sympathetic 
wtivity of extracts from sympathetic nerves and 
ganglia is mainly due to L-arterenol. In blood pressure 
experiments, after giving yohimbine we found! that 
the action of suprarenal extracts—in contrast to the 
«tion of pure adrenaline—could be imitated by 
adrenaline —arterencl mixtures of a certain com- 
position. Subsequent investigations‘ indicated that 
extracts and hormone crystallizates from ox and pig 
suprarenals contained about 30 per cent arterenol in 
addition to adrenaline. To differentiate between the 
two sympathomimetics, use was made of the fact 
that L-arterenol has a hyperglycemic activity ten 
tmes weaker than t-adrenaline*. Amino-nitrogen 
leterminations performed on the crystallizates were 
in agreement with the results of the biological assay. 
The final proof of the occurrence of nor-adrenaline 
n the suprarenals was produced also by Tullar’, who 
solated chemically the substance from U.S.P. 
spinephrine, and also by Bergstrém, Euler and 
Hamberg*, who isolated it from the adrenals of cattle. 
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These investigations have now been extended to 
include the suprarenals of other mammals, including 


man. For differentiation between arterenol and 
adrenaline the following differential criteria were 
used: (1) After giving cocaine, the blood pressure 


effect of arterenol is more strongly potentiated than 
that of adrenaline. Arterenol then may be three to 
five times more active than adrenaline. (2) On the 
isolated rabbit iloum, adrenaline has twice the 
inhibitory action of arterenol. (3) After storage 
on ice for three to five days, the rabbit intestine 
responds only poorly to adrenaline. Contrary to 
the effect with fresh intestine, arterenol now is the 
more active substance. 

Using the above methods, the adrenal medulla of 
dog, cat and man, in addition to the suprarenals of 
ox and pig, were proved to contain considerable 
amounts (sometimes more than 30 per cent) of arte- 
renol along with adrenaline. On the other hand, in 
rabbit suprarenals no arterenol, only adrenaline, 
was detected. 

The latter result is of particular interest in that 
experimental investigations of other authors favour 
the assumption that, in a higher degree in rabbits 
than in other species, adrenaline may participate as 
chemical mediator in the transmission of autonomic 
nervous impulses. Thus, for example, according to 
Gaddum and Kwiatowski*®, the chemical transmitter 
liberated by electrical stimulation of the sympathetic 
nerves of the perfused rabbit ear seems to be adrena- 
line. Further, Kroneberg’*, using Shaw’s'! method 
for the colorimetric determination of adrenaline, 
proved that rabbit heart extracts, like adrenaline, 
showed an intensification of colour after treatment 
with alkali, whereas human heart extracts and ex- 
tracts from cats, dogs, oxen and pigs, like arterenol 
in these circumstances, did not give a change of 
colour intensity. 

Nevertheless, the main source of ‘urosympathin’, 
that is, the arterenol of urine, probably will be the 
sympathetic — ‘arterenergic’!* nerves, and the aug- 
mentation of ‘urosympathin’ in essential hyper- 
tension, as pointed out several years ago’, will 
be caused by an increased discharge of arterenol 
from the arterenergic nerve-endings into the vessel 
walls. The arterenol content of the urine thus be- 
comes an indicator of the reactivity and the ‘tonus’ 
of the sympathetic nervous system. 


P. Hotz 
H. J. ScuttMann 


Pharmacological Institute, 
University, Rostock. 
Oct. 11. 
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Interaction Between Simple Sugars and 
Amino-Acids 


MAILLARD’ was the first to record that solutions 
containing amino-acids and simple sugars turned 
brown on heating, and recently the additional 
observation was made* that a mixture of p-galactose 
with certain amino-acids after treatment with alkali 
at 100° C. reacted with p-dimethylaminobenzaldehyde 
to give a purple colour. Further, the nitrogen- 
containing glycoside split off from ovomucin by the 
influenza virus enzyme was found’ to decompose 
rapidly with humin formation upon mild acid hydro- 
lysis, whereas alkali treatment of the compound and 
addition of p-dimethylaminobenzaldehyde resulted in 
the formation of a stable purple colour. These 
observations prompted an investigation into the 
underlying chemical reactions. 

A concentrated solution of L-lysine (1 mol.) and 
p-glucose (16 mol.), adjusted to pH 8-5, was kept for 
five days under the standard conditions of Lea and 
Hannan‘ (37° C., 70 per cent relative humidity). The 
brown-coloured mixture was freed from excess 
glucose by the use of cation-exchange resin. Exam- 
ination of the residual base(s) by paper chromato- 
graphy with butanol/acetic acid as solvent revealed 
lysine, Rp = 0-08, and a discrete spot of Rp = 0-05. 
This additional spot reacted strongly with ninhydrin 
and more weakly with ammoniacal silver nitrate or 
aniline/phthalic acid’; it gave a pink colour upon 
treatment with alkali and p-dimethylaminobenzalde- 
hyde. The basic material isolated from mixtures kept 
for fourteen days or longer under standard conditions 
showed a third spot reacting with ninhydrin of 
Rp = 0-18. A spot of identical Rp value was observed 
when a mixture of 1 mol. 
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content is kept low. The reaction seems to depend 
on the presence of the grouping —-CH,.NH,, its rate 
increasing with the distance of this grouping from the 
carboxyl of the amino-acid and being greatly de. 
pressed by substituting an alkyl group for a carbon. 
bound hydrogen («-alanine, «-amino group of lysine). 

Upon treatment of the various mixtures with 2 \ 
acetic acid for four hours at 100° C., the chromato. 
grams showed a spot identical with 5-hydroxy. 
methylfurfural with regard to Rp value (0-80) and 
colour, when sprayed with naphthoresorcino! or 
aniline/phthalic acid. Considerable amounts of 
humin substances were formed. A _ solution of 
p-glucose, when subject to the same acid treatment, 
remained water-clear, and no formation of 5-hydroxy 
methylfurfural could be detected chromatographically. 

These results could be duplicated in detail with 
well-defined aromatic N-glucosides. When aniline 
p-glucoside, p-toluidine D-glucoside and p-toly] iso-p. 
glucosamine were heated with 2N acetic acid for 
60 min. at 100° C., the assays turned black within a 
short time and yielded 5-hydroxymethylfurfural 
(Rr = 0-80), and in each case an additional spot of 
higher mobility (Rr = 0-88, 0-90 and 0-90 respect- 
ively). As in the case of the lysine system, the spots 
of higher mobility were reproducible from the dark- 
coloured material formed when the corresponding 
aromatic amine was mixed with 5-hydroxymethy|- 
furfural at room temperature. Since the substance 
giving the spot of high mobility can be obtained 
either from the N-glucoside or from a mixture of 
5-hydroxymethylfurfural with the appropriate base, 
its characterization as a common intermediate in 
humin formation is justified. The following scheme 
is suggested : 











5 - hydroxymethylfurfural [ I i IV 

and 1-5 mol. t-lysine at ° 

pH 8-0 was kept for four of we CH CH-OH cH CH 

days at 45°C. and 70 per |x I “ | a —P suestances 

cent relative humidity. HCOM Con “"e —_ 

Similar results were ob- l S HOH.C CH C:CH-NHR HOHC-C CCH:N-R 

tained with mixtures of Joc, wom © - a 

L-lysine and D-galactose | enn | 

and of glycine and pD-gluc- Hoon : HCOM “x0 ) 

ose, the latter, however,;"re- HO-CH CHOH 4 H 

acting much more slowly. eCOee HCOM | on | +NH-R 
When 1 mol. c-alanine, | | F : ; 

8-alanine and y-amino- C1. 0M CH.OH HOH.C \ >) \Q Faas 

butyric acid respectively : ™~ CH; NHR ° 

were mixed in aqueous 

solution with 7 mol. pD- VI Vv 


glucose (pH 8-0) and the 

mixtures after concentration in vacuo kept for seven 
days under standard conditions, the first sample was 
slightly discoloured, the second turned brown and 
the third dark brown. The chromatograms showed 
spots of unchanged glucose (Rr = 0-17) and amino- 
acid (Rp values 0-24, 0-25 and 0-33 respectively) ; 
in addition, the 8-alanine and y-aminobutyric acid 
mixtures gave spots of Ry = 0-13 and 0-20 re- 
spectively, reacting weakly with ninhydrin. When 
tested with Ehrlich reagent only the mixtures con- 
taining y-aminobutyric and 8-alanine gave a (stable) 
purple colour. 

It appears that in all cases the substance reacting 
with ninhydrin and of lower Rp value than that of 
the free amino-acid is identical with the first product 
of interaction between an amino-acid and a reducing 
sugar, that is, the N-glycoside. This reaction pro- 
ceeds even at moderate temperature when the water 





5-Hydroxymethylfurfural (V) formed from ali- 
phatic and aromatic N-glycosides upon mild acid 
treatment is derived from IV. When a solution con- 
taining amino-acid and glucose is heated, some of 
the 5-hydroxymethylfurfural found*.’ is most prob- 
ably derived from the same source. Structure II 
accounts for the ready conversion of N-glycosides of 
amino-acids, formed from their components at pH 
8:5, to V upon mild acid treatment. Structure II 
is substantiated by the positive enediol test with 
o-dinitrobenzene and alkali in the cold, a test not 
given by the normal structure of glycosylamines. 
For N-glycosides of primary aromatic amines it has 
been established that dilute acids catalyse isomeriza- 
tion to ketose derivatives (Amadori re-arrangement), 
which in their cyclic form (VI) by loss of water will 
give intermediate III in the same way as D-fructo- 
furanose readily yields V upon mild acid treatment* 
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As regards the colour formation with p-dimethy}- 
aminobenzaldehyde, it is known that «-amino car- 
bony! compounds self-condense to form dihydro- 
pyrazines or pyrazines. The dihydropyrazine deriva- 
tive is assumed to form with p-dimethylaminobenz- 
aldehyde the chromophore in the Ehrlich reaction. 

It may be pointed out that another source of 
humin-like substances from an amino-acid — hexose 
mixture arises from D-glyceraldehyde, dihydroxyace- 
tone and methylglyoxal, produced under alkaline 
conditions from free hexoses. Thus b-glyceraldehyde 
rapidly combined with L-lysine at 20°C. to give a 
dark-brown product. 

The work described in this paper was carried out 
as part of the programme of the Food Investigation 
Organisation of the Department of Scientific and 
Industrial Research. 

A. GOTTSCHALK 
Walter and Eliza Hall 
Institute of Medical Research, 
Melbourne. 
S. M. 
Low Temperature Station for Research 
n Biochemistry and Biophysics, 
Downing Street, Cambridge. 
Dec. 12. 
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Chromatography of Proteins 


WE have been concerned with the chromatographic 
separation of proteins and have developed a simple 
method of location of proteins on a paper chromato- 
gram or a cellulose column. We have utilized the fact 
that acid dyes have an affinity for protein fibres but 

for cellulose. The developed chromatogram is 
treated with an acid solution of a suitable dyestuff, 
preferably warmed for a few minutes, then rinsed in 
water, when the proteins appear as coloured spots 
r streaks on a white background. Amino-acids and 
peptides are not stained. 

he selection of dyestuff is important ; one having 
high affinity for protein fibres and not staining cellu- 
lose is necessary. There are very many such dyes ; 
we have had excellent results with Solway Purple, 
among others. A one- or two-dimensional paper 
chromatogram, after drying, is immersed in a 0-05 per 
cent solution of the dye containing 0-5 per cent 
sulphuric acid in a photographic developing dish, at a 
temperature of 50-90°C. After rocking the dish for 
about five minutes, the dye solution is poured off 
and the paper washed in several changes of warm 
water and finally dried. The proteins show up as 
violet-coloured patches on the chromatogram (see 
accompanying photograph). 

This dyeing property can be utilized in various 
ways. For example, we have studied the movement 
of proteins along the chromatogram, using different 
liquids. Also, when the eluate from a column is 
collected in fractions, a drop of each fraction can be 
placed on a sheet of filter paper, which is then dried 
and treated as described. The protein-containing 
fractions will show coloured spots on the paper. 
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Blood serum developed with phosphate buffer pH 9 containing 


ammonium sulphate to (a) 70 per cent saturation: (b) 50 per cent 
saturation ; (¢) 30 per cent saturation. The line marks the solvent 
front 


In the case of cellulose columns, the column can 
also be extruded, and small samples taken at inter- 
vals along the column from the outside. These samples 
may be moistened, placed on disks of filter paper, 
dried and then dyed. Those containing protein will 
give coloured spots, and the appropriate sections 
can then be cut out from the column and eluted 
separately. 

The extension of the method to the quantitative 
estimation of the different protein fractions is being 
studied. 

J. I. M. Jones 
S. E. MicHarr 
Crookes Laboratories, Limited, 
Park Royal, 
London, N.W.10. 
Dec. 6. 


A Conversion Series for Organosilicon 
Halides, Pseudohalides and Sulphides 


RECENTLY organosilicon isocyanates and iso- 
thiocyanates have been prepared by interaction of 
the corresponding organochlorosilanes, R,SiCl,,2,, with 
silver cyanate and thiocyanate respectively’, and 
alkyl(iso ?)cyanosilanes have been prepared by inter- 
action of alkyliodosilanes with silver cyanide*. It 
has now been found that by boiling triethylhalogeno- 
silanes, triethylpseudohalogenosilanes, and hexa- 
ethylthiodisiloxane under reflux with excess of the 
appropriate silver salt, transformations may be 
carried out along the series 


Et,Sil — (Et,Si),S ~ Et,SiBr — Et,SinCc — 
Et,SiCl > Et,SiNCS, 


it being possible to convert a compound to any other 
on the right of it, either directly or through any of 
the intervening compounds. A compound cannot be 
appreciably converted to a compound on the left of 
it by this method. 

Calculation shows some of the reactions concerned 
to be markedly endothermic, and it seems that 
neither the overall energy change in a particular 
reaction, nor the relative solubilities of the silver salts 
concerned (assuming these solubilities to be in their 
usual order), govern the direction of the change. It 
is suggested that the relative strengths of the Si—X 
bonds may determine this direction. Certainly, in those 
cases in which the bond-energies are known, 
namely, Si—I, 51-1; Si—S, 60-9; Si—Br, 69-3; 
Si—Cl, 85-8 (k.cal./mole), there is agreement with 
the experimental series above. The reactions may 
be considered to bear some analogy to the ionic 
exchange reactions of organic chemistry ; the silicon 
atom is very susceptible to nucleophilic attack, and 
it would be expected that the nucleophilic activity 
of the ions concerned, and hence the direction of the 
reactions, would be related to the Si—X bond- 
strengths. If the series does, in fact, reflect the order 
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of bond-strengths, it may be expected to be of 
significance in other reactions. 

Salts other than those of silver may be employed 
in the conversions; lead chloride and cadmium 
chloride have been used, for example, to convert 
hexaethylthiodisiloxane to triethylchlorosilane ; but 
the silver salts seem to be generally satisfactory. For 
trimethylsilicon derivatives the series 


Me,Sil —- (Me,Si),S —- Me,SiCl — Me,SiNCS 


has so far been confirmed, and the series given for 
triethylsilicon derivatives may prove to be of general 
applicability. The series will probably be ex- 
tended to include electronegative groups other than 
the halides, pseudohalides and sulphide listed. 

Hexaethylthiodisiloxane (b.p. 278-279°/750 mm.) 
and hexamethylthiodisiloxane (b.p. 162-5°/735 mm.) 
are the first organosilicon sulphides to be reported, 
and are of particular interest in view of the present- 
day importance of siloxanes. The weakness of the 
Si—S bond relative to the Si—O bond suggests, how- 
ever, that the behaviour of thiosiloxanes will not 
show many analogies to that of siloxanes. 

The investigation is proceeding, and a full discussion 
of the results will be submitted for publication 
elsewhere. 

C. EaBorRN 

University College, 

Leicester. Dec. 22. 

Forbes and Anderson, J. Amer. Chem. Soc., 70, 1043, 1222 (1948). 
Astenen ibid., 68, 3049 (1947); 70, 1220 (1948); 71, 1301 

* Baborn, J. Chem. Soe., 2755 (1949). 

* Pauling, “Nature of the Chemical Bond”, 53 (1940). 


Mechanism of the Nitration of Starch 


In studying the nitration of maize and potato 
starch, we observed that : (a) a mixture of nitric and 
sulphuric acids, containing a high proportion of 
pseudo-nitric acid, namely, an equimolecular mix- 
ture of water, nitric and sulphuric acid’, leads to the 
formation of nitric esters of low nitrogen content 
7-1 per cent) ; (6) in the nitration of starch by means 
of such mixed acids containing decreasing quantities 
of water and increasing amounts of free sulphur tri- 
oxide, the degree of nitrgtion of starch is controlled 
by the proportion of water and sulphur trioxide, 
respectively, in the nitrating mixture. Nitrates of 
starch, containing about 13 per cent of nitrogen, 
could be obtained easily when mixtures of pure nitric 
acid and oleum®* (2-3 per cent sulphur trioxide) were 
used. A similar observation has been reported by 
Fabel* in the case of the nitration of cellulose. 
Caesar et al.* have also found that starches, cellulose 
and disaccharides are completely and rapidly nitrated 
by nitrogen pentoxide and that the nitrates thus 
produced have an unusually high nitrogen content 
(about 13-9 per cent). 

These observations suggest that in the above 
nitration reaction it is not pseudo-nitric acid which 
represents the active agent®, but rather a strongly 
electrophilic molecular species. It is submitted that 
the active agent is the positive nitronium ion (NO,*) 
recently identified as the nitrating species in the 
nitration of aromatic systems® : 


HNO, + 2H,SO, = (NO,+) + H,O+ + 2HSO,*. 
Conditions which favour the formation of the nitro- 


nium ion led to nitrates of high nitrogen content. 
One would also assume that nitrogen pentoxide 
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(NO,)*(NO,)~ should be ascribed to its ‘reactiy; 
state’’. 

It may be recalled that Chedin* and Chedin and 
Pradier® observed for nitrogen pentoxide a different 
Raman spectrum in chloroform or carbon tetra 
chloride on one hand, from that in sulphuric acid 
the solid state on the other. They explained th: 
difference on the hypothesis that the group NO,+* or 
polymer of the pentoxide is present in the sulphuri 
acid solution. 

One is tempted to suggest that the formation o 
nitrates is due to an attack of the nitronium ion on a 
lone electron pair of the hydroxyl oxygen, followed 
by elimination ~f a proton from the intermediat; 
product. 


ee - 7 
H—C—O:H + NO,*+ = | C—O: NO, | 
: : z | 

H 

H—C—O—NO, + H+: 


Obviously, the presence of water would enhance 
the reversal of the primary attack. 

Dr. L. Bloch-Frankenthal’s help in this work is 
gratefully acknowledged. 

S#aLtom ISRAELASHVILI* 
Scientific Department, 

Israeli Ministry of Defence. 

* Department of Organic Chemistry, The Hebrew University 

Jerusalem. 

* Berl, Andress, and Escales, Kunatstoffe, 27, 23 (1937) Vandoni, 
Mem. Services chim. de L’ Etat, 31, 87 (1944). 

* Hough, U.S.P. 751,706. 

* Fabel, Nitrocellulose, 13, 3, 27, 45 (1942). 

* Caesar et al., J. Amer. Chem. Soc., 68, 372 (1946); ibid., 69, ¢ 
(1947). 

* Farmer, J. Soc. Chem. Indust., $0, 75T (1931) 

* Bennett, Brand and Williams, J. Chem. Soc., 869, 875 (1946). West 
heimer and Kharasch, J. Amer. Chem. Soc., 68, 1871 (194 
Hughes, Ingold et al., Nature, 158, 448, 450, 514 (1946) 

’ Nitrogen pentoxide in its free, undissolved state, is not nitror 
nitrate, as can be concluded from the observation reported 
Hantzsch (Ber., 58, 941 ; 1925). 

*Chedin, C.R. Acad. S*i., Paris, 201, 552 (1935) 

*Chedin and Pradier, C.R. Acad. Sci., Paris, 208, 322 (1936) 





Dielectric Properties of Solid Hydrogen 
Bromide 


WE have recently extended the measurements 0 
Smyth and Hitchcock’ on solid hydrogen bromide 
both in frequency and temperature-range, and ou! 
results given in terms of the real (c’) and imaginery 
(e”) parts of the dielectric constant agree where the 
comparison is possible with those of the above 
authors. 

The values of ¢’ and ¢” as a function of frequency, 
with the temperature as a parameter, are shown in 
the accompanying diagram, and we see that there 
is @ variation of dielectric properties with frequency. 
for the frequency-range covered, only for tempera 
tures below that of the lowest transition (~ — 183 
C.). The measurements were made at constant tem- 
perature and variable frequency, and for the series 
of measurements the temperature was not allowed 
to rise above — 184°C., since the measured values 
are not exactly reproducible after passage through 
the transition. Moreover, the values of ¢’ below 


184°C. may vary by as much as 25 per cent 
according to the way of freezing the liquid hydrogen 
bromide in the dielectric cell. 


Consequently the 
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absolute values of ¢’ and «” below — 184° C. are not 
f great significance; however, the critical frequency 

f.) for a given temperature, that is, the value of f at 
the maximum of e”, is not significantly affected. 

The graph shows that there are clearly two dis- 
persion regions, for both of which f, increases with 
rising temperature. It is evident, particularly from 
the values of e”, that the first dispersion (that at lower 
frequencies) disappears entirely and abruptly at the 
transition, or at least within a range of 3° at the 
most about the transition temperature. On the other 
hand, the second dispersion appears to be not greatly 
affected by the passage through the transition ; 
though our maximum frequency of measurement 
2 x 10’ c./s.) is searcely high enough to allow more 
than a qualitative statement. 

There is evidently a third dispersion at even higher 
frequencies, since the estimated value of n*p is 2-05 
for the crystallographic density, which is certainly 
higher than the value appropriate to our specimen, 
whereas the limiting value of ¢’ above the second 
lispersion would appear to be about 3-1. 

Both dispersions are characterized by a distribution 
f relaxation times and are conveniently represented 
m a Cole-Cole plot*, which incidentally allows an 
extrapolation of ¢’ to zero frequency (¢’,), assuming 
there is no other dispersion region at lower fre 
quencies. ©’, for our specimen approaches a constant 
value as the temperature is lowered, which gives a 
rather different impression of the p.c. behaviour from 
that gained from Smyth and Hitcheock’s work'. This 
is of importance, since theoretical work up to the 
present®* refers only to zero frequency values. 
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Applying the usual formula for the variation of f, 

with temperature in solids, namely, 

fe = C x exp (— AE/kT) (see ref. 5), 
we find for this material that C or AF or both are 
functions of temperature, and we are therefore unable 
to deduce an energy of activation for the dielectric 
pre CESS. 

In view of the evident complexity of the problem, 
we shall not attempt an interpretation here. It is 
hoped that considerable clarification will result from 
measurements on deuterium bromide now in progress®. 

We have found no indication of ferroelectric be- 
haviour at any temperature for superimposed direct 
fields up to 3 kV./em. 

I wish to thank Prof. Ed. Bauer and Dr. M. Magat, 
in whose laboratory this work was carried out, for 
their continual help and interest, and also the Centre 
National de la Recherche Scientifique for a research 

ee 
eenenen J. G. Pow.es 

Institut de Chimie Physique, 

11 rue Pierre Curie, Paris V. 

' Smyth, C. P., and Hitcheock, C. 8., J. Amer. Chem. Soc., 55, 1830 
(1933). 

2 Cole and Cole, J. Chem. Phys., 9, 341 (1941). 

* Kirkwood, J. G., J. Chem. Phys., 8, 205 (1940). 

* Tisza, L., M.I.T. Report No. 127 (June 15, 1949). 

* For example, Frohlich, “Theory of Dielectrics”, 78 (Oxford: Claren- 
don Press). 

*See Powles, J. G C.R. Acad. Sci 


Paris, 230, 836 (1950). 


Development of the Universe 
Mr. F. Hoyre and I agree (Nature, January 
14, p. 68) that matter appears at 
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random and that all new matter is, 
therefore, almost evenly distributed 
| in time and space. We also agree 
that matter disappears continuously 
without leaving a trace. We dis- 
agree only about the manner of its 
disappearance. According to Mr. 
Hoyle, matter lasts for ever and dis- 
appears from observation by passing 
beyond the optical horizon. Accord- 
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ing to me, its disappearance is as 
random as its appearance, the aver- 
age life of a particle of matter and/or 
radiation being L time units. 

Mr. Hoyle’s objection to my 
theory is quantitative, and that 
makes his argument all the more 
cogent. It is that a loss-rate largely 
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concentrated in the nebule approx- 
imately as great as the replacement- 
rate occurring in interstellar space 
would deplete the nebule too 
quickly. His argument is strength- 
ened by the fact that for a suffi- 
ciently large sample of the universe, 
and a sufficiently long time, the two 
rates must balance. If M is the 
total mass in a fair sample, its loss- 
rate is, by my theory, M/L. Should 
the replacement-rate R exceed this, 
M would grow until the balance was 
restored.. So my theory implies a 
universe of finite and approxim- 
ately constant mass with nebulz 
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compensated for their loss by 
matter falling on them from in- 
terstellar space. Would the ex- 
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pansion of such a universe give the observed spectra! 
shifts, and could the rate of replacement make up for 
the great rate of loss calculated by Mr. Hoyle? To 
answer these questions is beyond my mathematics, 
and until the answers are forthcoming my theory 
had better be shelved. 

But I am not content with Mr. Hoyle’s theory either. 
According to this the size of a nebula is proportional 
to its age. Although it is not probable that even one 
very old and large one would occur within our own 
optical horizon, we should expect to observe a com- 
plete range of sizes, from quite new and small ones 
up to a limit of size set by probability considerations. 
Do we? Until it has been proved that the size 
distribution of observable nebule is what should be 
expected on Mr. Hoyle’s theory, I suggest, reluct- 
antly, that one cannot be wholly convinced of the 
soundness of this attractive theory according to 
which matter keeps on drifting out of sight. 

About the size distribution of nebule I would 
suggest that my theory seems to have the advantage, 
for I think it is consistent with an upper limit to the 
possible concentration of matter in any one place 
and also with a rare occurrence of small concentra- 
tions. According to my theory, small incipient 
accumulations of matter would drift together under 
their mutual gravitational attraction. (According to 
Mr. Hoyle, as I understand him, they would separate 
by expansion of the universe too quickly to do this.) 
The groups of accumulations that I am assuming 
would grow both by attracting new diffuse matter 
from the environment and by drifting together with 
other groups to form groups of groups. But I think 
it could be shown that such a process of concentration 
cannot go on indefinitely. 

Let the total matter in a fair sample of the universe 
be «M in the concentrations (nebule#) and (1 — «)M 
in interstellar space. The loss-rates will then be 
aM/L in the nebule and (1 — «)M/L in interstellar 
space. Replacement-rate of the nebulze from diffuse 
matter will depend on the average time S taken by a 
particle during its fall as well as on the proportion 8 
of particles that complete the journey before dis- 
appearing, 8 being, of course, a function of L. The 
net rate of gain of the nebule in a fair sample will 
therefore be : 

G = B(1 — «)M/S — oM/L. 


As accumulations of matter drift together into 
greater concentrations the loss of matter will become 
more localized, while the appearance of new matter 
will continue to be evenly distributed in interstellar 
space. So the nebule will have to draw on greater 
distances for their compensations, and the proportion 
8 of particles that finish the longer journey will 
decrease. At the same time, the more intense gravita- 
tional field of the larger concentrations will lead to 
more rapid depletion of interstellar space and to an 
increase in x. One would, therefore, expect to find a 
limiting distance between nebule beyond which G 
is negative and the nebule would dwindle. This 
limiting distance would limit also the process of 
grouping into larger and larger concentrations. One 
would also expect that small accumulations would 
grow rapidly, so that not many of them would be 
observable at any given moment. 

The above considerations lead me to hope that 
Mr. Hoyle, and others with more mathematical skill 
than I possess, may give their further attention to 
both theories about the manner in which matter 
disappears. I should not be surprised if, as a result, 
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a third and better theory of disappearance were to 
emerge. 
REGINALD O. Karp 
University College, 
London, W.C.1. 
Jan. 20. 


Large-Area Scintillation Counters 


Ir is of great interest, particularly in cosmic ray 
experiments, to employ scintillation counters which 
have a large sensitive area. The first essential is a 
large transparent crystal. Crystals of naphthalene 
containing 1 per cent of anthracene and of size up 
to 8 in. in diameter and } in. thick have been grown, 
and undoubtedly it will be possible to use large 
crystals of other substances in the future. Hore, 
however, we are concerned only with the optical 
problems which arise when large crystals are used. 
The aim of this note is to direct attention to a useful 
development in this field. 

Some optica! device is required to ensure that the 
light produced in different regions of the crystal! is 
collected by the phototube in a uniform and efficient 
way. A cone, paraboloid, hemisphere and a sphere 
were compared by scanning the plane, which would 
normally contain the large crystal, with a smal! 
anthracene crystal behind which was fixed a polonium 
x-source. We found that the best results were obtained 
with an integrating sphere having a highly reflecting 
diffuse white surface of magnesium oxide. 

The photosensitive surface of the phototube pro- 
jects into such a sphere, and the large crystal (of 
diameter slightly less than that of the sphere) is 
supported in a diametral plane facing the photo- 
sensitive surface. The signal given by a scintillation 
produced at the edge of the crystal is only 10 per 
cent less than that produced by one at the centre. 
Very little loss is sustained if a hemisphere or a 
paraboloid is used with the crystal backed by a flat 
plate coated in the same manner. In general, a diffuse 
reflecting system of this type was found to be nearly 
twice as efficient as a specular reflecting system of 
the same dimensions. With the latter, the light 
collected from each scintillation by the phototube is 
limited to several distinct cones, whereas, with diffuse 
reflexion, light from any scintillation can reach the 
phototube. 

This method of diffuse reflexion in 
scintillation counters is now being used in cosmic-ray 
research at this Establishment. 


large-area 


R. BATCHELOR 
J. W. Smrrx 
L. BuacKkMore* 
Atomic Energy Research Establishment, 
Harwell, Nr. Didcot, Berks. 
Jan. 23. 


* Of the Royal Naval Scientific Service, Teddington, Middlesex 


Excess of Positive Mesons in Cosmic Rays 


THE excess of positive mesons in cosmic rays at 
sea-level led to the original theory of the production 
of mesons by primary protons. It seems probable 
that precise measurements of the ratio of positive 
to negative mesons will help to decide between the 
several processes suggested in the literature. 

This communication reports preliminary measure- 
ments of the meson momentum spectrum made with 





N 


Terry 


T 


T TTTTT 





tor 
Fig. 1. 


a cosm 
5x 10 
The | 
the sim 
electror 
in the 
posed ¢ 
the tra 
cient te 
with th 
momen! 
situated 
and pe 
trays, n 
a maste 
traverse 
The sho 
eliminat 


1 


5 


la 
; soe 


T 





0. Owe 
Puppi ( 
Y, Que 





the 


nt 
ere 
ild 
nal] 
um 


ned 











4200 April 29, 1950 












2- 
© 00 
2 © 4500 Gauss 
13500 

& 

’ 

L 
a: 
e - 

5 

a 

i ond 

: 

s 

C 

. 

a 

4 

_ 

5 
ear —_——w wee aes! i =. ee 
; 1x109 elt 10 100 
Fig. 1. Differential momentum spectrum at sea-level of cosmic 


ray particles able to penetrate 10 cm. of lead 
a cosmic-ray spectrometer over the range 2 x 10* to 
5x 10° eV., the limit of resolution of the equipment. 
The principle of the spectrometer is illustrated in 
the simplified diagram of Fig. 1 (inset). The stabilized 
electromagnet provides & field extending over 50 cm. 
in the vertical direction. ‘Three counter trays, dis- 
posed as in the diagram, identify three points on 
the track of the particle. This information is suffi- 
cient to establish the deflexion and, in conjunction 
with the value of the magnetic field, determines the 
momentum of the particle. A fourth tray of counters 
situated beneath 10 cm. of lead separates the soft 
and penetrating components. Additional counter 
trays, not shown in the simplified diagram, comprise 
smaster group which ensures that only tracks which 
traverse the length of the magnetic field are recorded. 
The short resolving time (10 micro-sec.) of this group 

eliminates practically all accidental counts. 
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Ratio of positive to negative pone able to penetrate 
10 cm. of lead. 
O. Owen and Wilson (ref. 1); @, Bassi, Clementel, Filosofo and 
Puppi (ref. 2); VY, Nereson (ref. 3); A, Conversi (ref. 4); 
¥., Quercia, Rispoli and Sciuti (ref. 5); 4, Brode (ref. 6); @, 
Leprince-Ringuet and Crussard (ref. 7) 
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The relevant information is recorded automatically 
with a Powers punch-card machine. The greater part 
of the analysis is carried out on sorting machines. 

The +/— ratios obteined with magnetic fields of 
1,500, 4,500 and 13,500 gauss are shown in Fig. 2. 
The height and breadth of the rectangles give, 
respectively, the standard error of the measure- 
ments and the range of momentum ever which they 
extend. Recent measurements by similar’? and 
other*-? methods are also shown. In only one case 
does the straight line of best fit deviate by more 
than twice the standard error from any measurement. 

Contrary to theoretical predictions*.* the + /— ratio 
appears to increase with increasing energy of the 
mesons. A constant +/— ratio, as found by Owen 
and Wilson! over a smaller range of momentum, is 
not incompatible with our measurements; but a 
decrease with energy is certainly excluded. 

The momentum distribution of the mesons has 
been determined at three values of the field, giving 
overlapping ranges of momentum. These measure- 
ments, which include approximately four thousand 
tracks, are plotted in Fig. 1. The results are grouped 
to reduce statistical fluctuations, and the measure- 
ments at different fields are normalized to give the 
same number of particles with pe > 2 x 10%eV. The 
intensity falls to zero below 2 10* eV. due to the 
absorption of these particles by the lead. The points 
of highest momentum in each run are at the limit of 
resolution of the equipment and consequently may 
have a large momentum error. 

Also shown in Fig. 1 is the differential momentum 
spectrum derived by Rossi'® from both magnetic 
deflexion and absorption experiments. The curve 
fits the points well except in the high-momentum 
region, where the points fall off faster with increasing 
momentum. Analysis of the data in this region 
indicates that the spectrum is represented by a 
power law with exponent 3-0 + 0-2. 

D. E. Caro 
J. K. Parry 
H. D. RaTHGEBER 
Physics Department, 
University of Melbourne. 
Nov. 25. 
* Owen, B. G., and Wilson, J. 
* Bassi, P., Clementel, E., Filosofo, I., 
76, 854 (1949). 
* Nereson, N., Phys. Rev., 73; 565 (1948). 
* Conversi, M., Phys. Rev., 76, 311 (1949). 
* Quercia, I. F., Rispoli, B., and Sciuti, 8., Phys. Rev., 73, 516 (1948). 
* Brode, R. B., Phys. Rev., 76, 468 (1949). 
’ Leprince-Ringuet, L.. and Crussard, J., J. de Phys. et le Rad., 8, 
207 (1937). 


* Heitier, W., Rev. Mod. Phys., 21, 113 (1949). 


G., Proc. Phys. Soc., A, 62, 601 (1949). 
and Puppi, G., Phys. Rev., 


* Lewis, H W.. Oppenheimer, J. R., and Wouthuysen, 8. A., Phys. 
~., 73, 127 (1948). 
** Re «i, B., Rev. Mod. Phys., 20, 537 (1948). 


Carrier-free Manganese-54 from the Pile ? 


A soLuTiIon of radioiron which had been obtained 
from Oak Ridge (catalogue item 39, high specific 
activity) six months previously was found to contain 
considerable radioactivity from a radioelement which 
high-pressure ionization-chamber absorption measure- 
ments showed to have a gamma-ray of about 0-8 MeV.., 
that is, softer than that from iron-59 or cobalt-60 (1-1 
and 1-3 MeV.). The iron was precipitated out with 
cupferron, and the activity of the filtrate was exam- 
ined. The following measurements were made: 
(1) absorption in aluminium ; (2) absorption in lead ; 
(3) decay measurements. All measurements fitted 
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within experimental error with those of Livingood 
and Seaborg! for manganese-54, which they obtained 
by the reactions Fe +D, Cr + D and V + He. 

In order to verify the identification of the radio- 
element as manganese, carrier amounts of iron, 
chromium, zinc, nickel, cobalt and manganese were 
added to the solution. The activity was found to 
follow the manganese. Since the mass number 54 
has definitely been assigned to the 310-day isotope of 
manganese by Livingood and Seaborg and by Deutsch 
and Elliott*, its presence in a solution of pile-produced 
radioiron would indicate evidence for the reaction 
wFe™* (mn, p) »Mn**. We have been unable to find 
any reference to such a reaction. 

Spectrochemical investigation of the radioiron 
solution here, and of the target material at Oak Ridge, 
have failed to disclose any trace of manganese. In 
any event, since stable manganese has mass number 
55 (100 per cent), it is highly unlikely that any trace 
of manganese in the target material could have played 
@ part in the production of manganese-54. It would 
appear, therefore, that it is possible to obtain 
manganese-54 in carrier-free form from pile-irradiated 
iron. Measurements have shown that, in the solution 
originally obtained, about 180 microcuries of man- 
ganese-54 was present along with 3 millicuries of 
iron-59. Since the abundance of iron-54 is only 
5-8 per cent, it would appear that the cross-section 
for the Fe** (n, p) Mn* reaction is fairly high. 

We wish to express our gratitude to Mr. Derek 
Savage for valuable assistance with the chemical 
work, and to Mr. T. Hugo for his spectrochemical 
investigations of several samples. 

This note is published with the permission of the 
South African Council for Scientific and Industrial 
Research. 

Note added, February 28. Since this note 
was written, the filtrate has been tested by paper 
chromatographic methods, by Mr. L. H. Stein. 
Manganese carrier was added, and two different 
developing solutions were used. One of these caused 
separation between the residual iron in the filtrate 
and the manganese, but left the latter at the point 
of application; the other solution separated iron 
and manganese and moved both. In both cases the 
activity was found to be mainly in the manganese 
bands. The activity over the iron bands was found to 
be very low and was negligible over other parts of 
the strip. 

TIKVAH ALPER 
LORENE DU PREEZ 
National Physical Laboratory, 
Council for Scientific and Industrial Research, 
Pretoria. Jan. 17. 
* Livingood and Seaborg, Phys. Rer., 54, 391 (1938). 
* Deutsch and Elliott, Phys. Rev., 65, 211 (1944). 


Crystal Structure of Strychnine 
Hydrobromide 


ALTHOUGH the structure of the strychnine molecule 
has now been fairly definitely established on chemical 
grounds the evidence of X-ray crystallography is of 
interest, especially as regards stereochemical details. 
The formula favoured by Robinson and Woodward! 
was first confirmed by Bijvoet, Schoone and Bok- 
hoven’, who examined the sulphate and selenate. We 
have completed a full analysis of strychnine hydro- 
bromide, in which both three-dimensional Patterson 
and Fourier syntheses were employed. The chemical 
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structure has been reliably verified, and a moderately 


accurate representation of the molecule has been 
obtained. 
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Strychnine hydrobromide crystallizes from water 
in fine needles which are orthorhombic, with two 
molecules of water. It is not isomorphous either with 
the hydrochloride or the hydro-iodide salts. The 
space group was found to be P2,2,2,, and the cell- 
size 7-64 x 7-70 x 33-20A. The cell contains four 
units of C,,H,,N,0,HBr, 2H,O, and there is no 


z y z 
Carbon 1 228 + 3° 228 + 3° 22 + #° 
we 2 270 240 12 
a 3 300 294 10 
es 4 282 336 19 
rs 5 240 330 29 
js 6 216 276 32 
” 7 168 252 44 
sc 8 144 192 38 
a Qa 126 300 45 
oe 10 150 246 69 
a 11 204 240 58 
i 12 60 204 39 
13 30 228 38 
re 14 78 186 31 
ed 15 36 258 66 
pa 16 18 204 54 
»» 17 0 156 58 
a 18 348 108 46 
ra 19 66 126 27 
re 20 120 90 19 
pas 21 . 138 16 
Nitrogen 1 192 1 27 
- 2 104 288 64 
Oxygen 1 204 120 6 
- 2 42 90 39 
(Water) 3 198 66 61 
- 4 288 0 81 
Bromine 81+ 46+% 84402 
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gntre of symmetry. There are 84 independent para- 
meters which have been found to be as in the accom- 
panying table (in degrees, or 360ths of the cell-edges). 
A projection down the a-axis of this structure, 
together with the a-axis Fourier projection, is shown 
in the accompanying figure. Further refinement of 
these results is still in progress, but the value of 
ty |Fol — — |Fel 
b> Fol ol 
will be published in fuller detail shortly. 
J. H. Rospertson 
C. A. BEEVERS 
Dewar Crystallographic Laboratory, 
University of Edinburgh. 
Dec. 12. 
Robinson, et ail. Chem. Soc., 903 (1946) ; 
Woodward, ‘bene and Nelson, J . Amer 
( ‘ 


"Buy at Mey and Bokhoven, Kon. Ned. Akad. 
, 52, No. 2 (1947- 49). 


is already less than 0°30. The work 


Nature, 160, 18 (1947). 
Chem. Soc., 69, 2250 


Low-Temperature Radiation Pyrometry 
using a Lead Sulphide Photoconductive 
Cell 


THE use of photo-electric cells in radiation 
pyrometry has been confined to direct measurement 
of the cell output in terms of temperature. This 
limits the accuracy of the method or necessitates the 
use of only the most stable cells, such as the vacuum 
emission cell. If, however, we apply the null method 
which has sometimes been employed in photometric 
uses Of photo-electric cells, where the radiation from 
the unknown source is compared with that from a 
standard source by a sufficiently rapid alternative 
exposure of the cell to the two sources, the stability 
of the cell is no longer so important. Under these 
conditions of use, the less-stable cells, such as the 
gas-filled emission cell and the photoconductive lead 
sulphide cell, can be used for precise measurement. 

In an investigation into photo-electric cell methods 
of pyrometry being carried cut at the National 
Physical Laboratory, such a null method has been 
adopted and has been applied with considerable 
success to the lead sulphide cell. This cell was de- 
veloped in Great Britain by the Admiralty Research 
Laboratory, where it was shown that under normal 
conditions the cell is unstable to an extent that pre- 
cludes the use of a D.c. circuit, and it is necessary to 
chop the incident radiation and use a tuned A.c. 
amplifier in order to obtain reasonable reproducibility 
and sensitivity. The arrangement we have employed 
combines the null method with the chopping tech- 
nique, and is shown in Fig. 1. An image of the hot 
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Fig. 1. General arrangement of pyrometer 
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body of unknown temperature is focused by means 
of a lens on to the plane of a rotating disk in which 
are cut a series of equally spaced apertures. Along 
the other arm of the system a circular aperture of 
absorption glass illuminated by a galvanometer lamp 
is also focused on the disk at a point diametrically 
opposite the image of the unknown source. When the 
disk rotates, radiation from the two sources passes 
alternately, and is focused, by a further lens in each 
optical path, on the same part of the sensitive surface 
of the cell. The difference in photo-electric current 
is amplified by a tuned amplifier, the output of 
which is rectified and read on a D.c. meter. The 
instrument is balanced by variation of the current 
through the galvanometer lamp until the output 
reading is zero. 

With a lead sulphide cell, a calibration of this 
pyrometer arrangement in terms of black-body tem- 
perature has been carried out over the range 150-430° 
C., and the calibration curve obtained is shown in 
Fig. 2. Subsequent improvement in detection per- 
mitted readings down to 120°C. ; but measurements 
of reproducibility at this temperature have not been 
made. Check points taken at in- 
termediate temperatures on sub- 
sequent occasions were found not 
to diverge from the curve by more 
than 2°C. All the results were 
obtained in a normally lit room, 
though care was taken to exclude 
other radiating objects from the 
line of sight of the pyrometer. 
At present the complete spectral 
response of the cell is being used, 
and so the effective wave-length 
of the pyrometer is somewhat un- 
certain; it is in the neighbour- 
hood of 2-4u. It is desirable 
to limit the wave-band of the 
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pyrometer for various reasons, such as avoiding 
the absorption bands of water and carbon dioxide, 
and making the effective wave-length value less 
dependent on the response characteristics of the 
particular cell in use. Work on these lines is proceed - 
ing; but restriction of the wave-band will, of course, 
result in a loss in sensitivity of the pyrometer 
and hence raise the lower limit of its temperature- 
range. 

The entrance angle of the pyrometer is 0-17 radian 
and the reproducibility of a single reading at 150° C. 
is about + 3°C.; this can be taken as a rough 
measure of the sensitivity of the arrangement. The 
frequency of alternation is approximately 180 c./s., 
and the maximum voltage amplification available 
between the photocell and the anode of the last valve 
is 4 xX 10%. Under these conditions, the band-width 
for reduction of the amplification to half the above 
value is + 4 cycles. A feature of our technique is 
the use of a comparatively high-temperature standard 
source transmitting through an absorption glass, 
thus avoiding the errors and inconvenience caused 
by end-effect in a lamp run at a low temperature. 

These experiments are being conducted primarily 
to obtain precise measurement of black-body tem 
perature by photo-electric methods for research work. 
The method would also be suitable, however, for 
certain commercial applications in the measurement 
of apparent temperature down to 120°C. It could 
also be adapted to control purposes, since the out- 
of-balance indication of the detector could be used 
for controlling the temperature. 

OC. R. BARBER 
. C. Pyatr 
National Physical Laboratory, 
Teddington, Middlesex. 


Nov. 22. 


Preservation of Fungal Sporophores 


DryIne in the frozen state has been reported as a 
method of preserving animal tissues, and the fact 
that the fleshy sporophores of the higher fungi are 
not visibly destroyed by frost, but only collapse with 
the ensuing thaw, suggested it might be possible to 
preserve their morphological characters by quick 
freezing followed by drying while still in the frozen 
condition. This has proved to be the case; but the 
dried sporophores are so brittle as to require the 
greatest care in handling, and, unless kept in a 
desiccator, absorb moisture from the air and soon 
become shrunken and distorted. These drawbacks 
can be overcome by immersing the sporophore for a 
short period in melted wax (paraffin, carnauba, 
‘Seekay’) or painting with a solution of wax in 
volatile solvent, immediately after removal from the 
desiccator. 

A procedure we have found successful (although 
obviously not the only one possible) is the following. 
The sporophores are immersed for a minute or so 
in acetone to which solid carbon dioxide has been 
added. Drying is carried out in a high vacuum while 
maintaining them in a frozen state: we have used a 
glass desiccator connected by 1-in. bore tubes through 
a condenser, cooled with acetone + carbon dioxide, 
to a two-stage rotary vacuum pump. After drying, 
the specimen is kept in an evacuated desiccator over 
phosphoric oxide or silica gel for a few days. The dry 
sporophore is then immersed in ‘Seekay’ artificial wax, 
grade R93, for 10-30 sec.—long immersion may 
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cause shrinkage. If necessary, any surplus wax can 
be. removed afterwards by local application of g 
solvent or of heat in conjunction with a picce of 
filter paper. The final degree of gloss on the specimen 
can be controlled by this means. We have dried 
specimens of T'richoloma, Hypholoma, Boletus, Hern. 
iola, Amanita and several others. 

Most of the products resulting from this treatment 
show a close morphological resemblance to the living 
sporophores and have retained their colour in a re. 
markable degree. They are very hard and can be 
handled freely without fear of damage. ‘Seekay’ 
wax has advantages over paraffin wax for this pur- 
pose ; apart from its greater hardness and strength, 
it is a rapid penetrant, highly water-resisting, non. 
inflammable, antiseptic and, in the grade used, will 
not soften even under tropical conditions ; for all 
practical purposes the results may be regarded as 
permanent. 

The principle underlying the method described 
should be applicable to material other than fungal 
sporophores. This note is published in the hope that 
those responsible for the production of museum 
specimens of biological material of a fleshy nature, 
liable to shrink on drying, may be stimulated to 
explore further its possibilities. 

Imperial Chemical Industries, Ltd., to whom our 
grateful thanks are due for providing the sample of 
‘Seekay’ wax used, can supply a series of pigments 
which can be used for tinting ‘Seekay’ wax should it 
be desired to restore the colour of a specimen when 
the original natural colour has been lost. 

We are indebted to Mr. S. Pinfield for technical 
assistance. 

W. NEILson JONES 
Bedford College for Women, 
London, N.W.1. 
J. W. TREVAN 
The Welleome Research Laboratories, 
Beckenham, Kent. 
March 21. 


Epicuticle of Arthropods 


THE outermost layer of the integument of insects 
is a complex structure known as the ‘epicuticle’, 
composed of several discrete layers the presence of 
which has been deduced by studying the permeability 


and deposition of the cuticle’. Homologous epi- 
cuticles have also been investigated in isopod and 
decapod Crustacea, and in ticks. Although earlier 
authors described an epicuticle in Myriapoda from 
staining reactions alone, such a structure has, in fact, 
not been satisfactorily demonstrated. The sclerotized 
layer containing phenolic substances in Tachy- 
podoiulus, to which Hackman, Pryor and Todd refer’, 
is almost certainly exocuticle. The absence of a wax 
layer in the cuticle of millipedes has recently been 
demonstrated in Glomeris*, and in Paradesmus (un- 
published), and it has been claimed that there is no 
epicuticle in the spider Tegenaria‘. 

The calcified outer endocuticle of Paradesmus, 
Glomeris and Blaniulus dissolves rapidly in strong 
hydrochloric acid, followed by the inner endocuticle ; 
the brown exocuticle does not dissolve because it is 
‘tanned’. It is soluble, however, in concentrated 
chlorated nitric acid, leaving a colourless epicuticle 
less than 1 in thickness. This dissolves on heating 
to form oily droplets, but is insoluble in thiogluconic 
acid. It is probably composed of ‘cuticulin’, a con- 
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jnsed lipo-protein tanned by quinones, and cannot Brachet* and Seshachar‘ would appear to indicate that 


—_ ig discerned with certainty in histological prepara- the phenomenon of post-divisional chromatin elim- 
of a gone ination requires a new interpretation. 

> of When the exuvie of a giant crab-spider (Hetero- The main constituent of the ciliate macronucleus 
men yoda) were placed in chlorated nitric acid, part dis- is desoxyribose nucleic acid and, according to 
ried glved leaving a thin colourless membrane apparently Seshachar and Srinath’, the abundance of this com- 
ern- identical with that obtained from millipedes, and ponent is responsible for the loss of its mitotic potency. 


which again disappeared on heating, leaving oily The present observations on the behaviour of the 

om droplets. Similar epicuticles have been demonstrated macronucleus in G. pyriformis provide confirmation of 
a. in spiders of a number of genera including Tegenaria, this view. It is now established beyond doubt that 
rO- Salticus, Aranea and Linyphia; in a scorpion’ in growing tissues the cytoplasm of the cell has large 
Buscorpius), a tick (Aponomma), a harvester quantities of ribose nucleic acid**. The source of 
leiobunum), and in the centipedes Lithobius, ribose nucleic acid for the growing cell is varied: in 


pur- Gophilus, Cryptops, etc. They are evidently wide- Rho discolor the tapetal cells provide the micro- 
gth, gread. spore cytoplasm with the necessary ribose nucleic acid, 
10n- It is probable that an epicuticle composed of which is used during the formation of the pollen tube’ ; 
will cuticulin’ is present in arthropods, whether additional in Drosophila the oocyte gets its supply from the 
all epicuticular layers are present as in insects and ticks, highly endopolyploid nurse-cells*. There is now 
| as or not. sufficient experimental evidence to show that the 
J. L. Croupstey-THOMPSON desoxyribose nucleic acid and ribose nucleic acid are 

bed Department of Zoology, interconvertible. 


gal University of Cambridge. On the basis of the observations made in G. pyri- 
hat Dec. 14. formis it is suggested that the phenomenon of post- 
ram Wigglesworth, V. B., Biol. Rev., 28, 408 (1948). divisional chromatin elimination is a process of 
‘Hackman, R. H., Pryor, M. G. M., and Todd, A. R., Bicchem. J., transference of surplus desoxyribose nucleic acid 
43, 474 (1948). ‘ present in the macronucleus back to the cytoplasm, 
eS Py y~ a om 65 (1942) where it is converted into the ribose form. Here the 
a a) Maen S oT ; latter acts as a centre for protein synthesis in the 
newly formed individual. This initial supply of 
, a : ribose nucleic acid seems necessary because, during 
Chromatin Elimination in Glaucoma growth, the parent organism will have utilized all the 
pyriformis (Ehrb.) available ribose nucleic acid in the cytoplasm for 
CHROMATIN elimination at the end of each division the synthesis of proteins and formation of new 
from the macronucleus was reported by Kidder’ in nucleotides. It seems reasonable to assume that at 
Concophthirius mytili. Later, Kidder and Diller* the end of the growth-phase the ribose nucleic acid 
observed post-divisional chromatin elimination in content of the cytoplasm will be very low. The 
Urocentrum turbo, Colpidium colpoda, Colpidium growth of the daughter individuals would undoubtedly 
campylum and Glaucoma scintillans. Again, in 1936, depend upon the presence of a minimum amount of 
Diller* recorded a peculiar type of chromatin elimina- ribose nucleic acid in the cytoplasm. Th‘s is supplied 
tion in Paramecium aurelia which he termed ‘hemixis’. in the form of unpolymerized desoxyribose nucleic 
Seshachar* confirmed this in three species of Epistylis. acid (heterochromatin? of Muller and Painter") 
The present note embodies certain interesting features eliminated at the end of each division. Kidder’, in 
concerning the behaviour of the macronucleus during C. ™ytili, reports that there is no chromatin elimina- 
binary fission in Glaucoma pyriformis. tion in a few divisions immediately after conjugation. 
In a fully grown G. pyriformis the macronucleus This behaviour may be attributed to the fact that 
is large and granular while the micronucleus is smal] the dissolution of the original macronucleus before 
and compact and is situated very close to the former. the conjugation will leave an excess of ribose nucleic 
The division of the micronucleus is coincident with acid in the cytoplasm, and an immediate need 
the appearance of a darkly staining body in the macro- for a fresh supply would not therefore arise. Further, 
aucleus. No chromosomes are discernible during the the rapid growth and division-rate, as also the in- 
livision of the micronucleus. The daughter micro- frequency of conjugation in these forms, support this 
nuclei migrate to the two ends of the organism while view. 
the macronucleus elongates in the antero-posterior My thanks are due to Dr. K. V. Srinath for kindly 
axis. The darkly staining body mentioned above is discussing the problem with me. 
now observed in the centre of the elongated macro- 
nucleus. Division of the cytoplasm is accompanied Central College, 
by the division of the macronucleus as well as that of Bangalore. 
the dark body into two. As the daughter individuals Nov. 24. 
sparate, this body breaks up into three to six smaller —, Kyader, G. W., Arch. f. Protistenk., 79, 1 (1983). 
mes. They now spread in the cytoplasm and ultim- + Kidder, G. W., and Diller, W. F., Biol. Bull., 67, 201 (1934). 


ately disappear, and the macronucleus gradually  ‘* Diller, W. F., J. Morph., 59, 11 (1936). 

becomes compact. * Seshachar, B. R., Curr. Sci., 15, 198 (1946); Amer. Nat., 83, 316 
In discussing the meaning of the elimination of we... B.. Bet, Gun. 105, 58 (1048); Sane. Conn. send. Aste 
‘hromatin from the macronucleus, Kidder and Diller* and Sci., 36, 443 (1945). ; . . ry 

believe that this chromatin represents a form of  ‘ Brachet, J., Growth, 11, 309 (1947). 

effete material which is thrown into the cytoplasm ” Sapeter, 3. Fi, oat ee FT Curr. Set. 38, 83 (1947). 

at the end of each vegetative division. In support + cagpersson, T., and Schultz, J., Proc. U.S. Nat. Acad. Sci., 26, 507 

of their conclusion they say that as conjugation is (1940). 

rare in these forms, re-organisation of the macro- nm ew pe m. yg se 2, - ey 

nucleus takes place at the end of each growth phase. ,, Muller, H. J.. and Painter . s. Z. peareonye oe te dn . " “in Peres 

However, the recent work of Painter*, Caspersson, 62, 316 (1932). ' ' 


C. M. S. Dass 








694 


‘Buried Bag’ Technique for Testing ‘D-D’ 
as a Soil Fumigant against the 
Potato-root Eelworm 


In recent years, many workers investigating the 
effect of different soil fumigants have enclosed their 
test organisms in cotton or cheese-cloth bags'-*, 
which were later buried in soil at varying distances 
from the point of application of the chemical. One 
advantage of such a method is that the experimental 
material is readily available for viability tests after 
treatment ; also a number of bags can be buried at 
different lateral distances from the injection point 
as well as at different depths. It might therefore be 
of interest to record an apparent failure of this tech- 
nique when it was applied to a pot experiment on the 
nematocidal effect of the soil fumigant ‘D-D’ against 
the potato-root eelworm, Heterodera rostochiensis. 
The experiment was designed to investigate the effect 
of different soil types on the efficacy of this chemical 
and is the subject of another paper. 

Samples of three naturally infested soils were put 
into 6-in. flower pots, the inner as well as the outer 
walls of which had been waxed to render them imperv- 
ious to the spread of the fumigant. The hole in the 
base of the pot was sealed with gummed paper, which 
was afterwards waxed. Small cotton bags containing 
eelworm cysts were then buried in the soil at a depth 
of one inch below the soil surface; a measured 
quantity of ‘D-D’ was then introduced into the soil 
mass at a depth of four inches below the surface. 
Four dosages were applied consisting of 0, 0-75, 1-50 
and 3-00 c.c. per pot, replication being four-fold. The 
pots were afterwards watered daily with a fine rose 
to seal the soil surface and minimize loss of vapour 
into the air. 

Four weeks after treatment the bags were removed 
and the soil in the pots washed to recover the natur- 
ally occurring cysts. Both ‘begged’ and ‘soil’ cysts 
were subjected to normal root-diffusate hatching 
tests. The hatch from each treated batch of cysts 
was expressed as a percentage of the hatch from the 
corresponding control batch, this figure being sub- 
tracted from 100 to obtain an estimate of the per- 
centage mortality. The average mortality among 
the ‘bagged’ cysts throughout the experiment was 
found to be 93-1 per cent, while for the ‘soil’ cysts 
it was only 73-4 per cent: 


MorTALITY INDUCED IN ‘BAGGED’ AND IN ‘Sor’ Cysts 

















Bagged cysts Soil a 
Dosage | 0°75 160 300 | 0-75 1° 3-00 
Soll A | 4790 99-90 99-98 | 36-9 76-1 85-6 
Soll B | 99°87 99-07 99-67 | 25-7 64-0 86-3 | 
Soil C 99-91 99-91 100 -00 69-3 88-4 93-6 | 





A summary of the mortalities according to dosage 
and soil type is given in the accompanying table, 
from which it will be seen that kills from ‘bagged’ 
cysts are consistently higher than for ‘soil’ cysts. 
It is suggested that one reason for this is the disturb- 
ance of the soil which occurs when the bags are 
buried, coupled with the fact that it is impossible 
to ensure that subsequent consolidation of the soil 
in the immediate vicinity of the buried bag is com- 
parable with that in the surrounding zones. The 
interpretation of results from such a technique would, 
therefore, appear to require the exercise of extreme 
caution, since results applicable to cysts enclosed in 
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bags buried in soil would not appear to be of necessity 
applicable to cysts which occur naturally in soi). 
D. W. Fenwick 
Nematology Department, 
Rothamsted Experimental Station, 
Harpenden, Herts. 
Dec. 12. 


* Chitwood, B. G., Proc. Helminth. Soc. Wash., 6 (2), 66 (1929), 
* Christie, J. R., Proc. Helminth. Soe. Wash., 14 (1), 23 (1947). 


* McLellan, W. D., Christie, J. R., and Horn, N. L., Phytopath 
39 (4), 272 (1949). ‘ 


Structural and Insulating Boards from 
Sawmill Waste 


Boakrps of this type have been made experimentally 
in these laboratories using the well-known concensa- 
tion reaction between phlobatannins' and aldehydes, 

Phillips and Rottsieper* patented a process for 
making moulding compositions from materials rich 
in tannins such as mimosa bark, mangrove bark and 
quebracho wood. They caused the tannins to react 
in situ with paraformaldehyde or hexamine at a 
pressure of 2 tons per sq. in. and a temperature of 
about 150° C. to form moulded products such as ash- 
trays, with exceptional mechanical strength. 

Recently, Dalton*® investigated the tannin-formal. 
dehyde resins prepared from the bark extracts of six 
Australian species as adhesives for plywood. He 
found that most of these resins gave strong, water. 
resistant bonds with wood, and he emphasized their 
potential importance for the plywood industry 

We have made good, low-cost boards from bark. 
sawdust mixtures of white cypress pine (Callitris 
glauca) by causing this waste material to react with 
small quantities of paraformaldehyde at tempera. 
tures and pressures obtainable on the type of press 
used in Australia for the hot pressing of plywood ; 
%-in. boards containing equal parts by weight of 
sawdust and ground bark with 1 per cent by weight 
of paraformaldehyde have been formed by pressing 
for 3 min. at 180 Ib. per sq. in. and at 140°C. The 
boards have mechanical and water-resistant properties 
similar to fibre boards such as ‘Masonite’. 

For plants operating in conjunction with sawmills 
the raw material costs, including the cost of para- 
formaldehyde, should not exceed three shillings per 
100 sq. ft. The cost of such plant would also be low, 
and the process appears to offer a solution to the 
utilization of some of Australia’s sawmill waste. 
Boards with a wide range of properties have also been 
made by varying the proportions of sawdust and bark 
as well as the reaction conditions. Promising results 
have been obtained with other commercial timber 
species. 

The work is proceeding, and full experimental 
details will be published elsewhere. 

L. H. Bryant 
R. F. Humpsreys 
P. J. Martin 
Division of Wood Technology, 
Forestry Commission of New South Wales, 
96 Harrington Street, 
Sydney. 
Dec. 2. 
* Perkin, A. G., and Everest, A. E., “The Natural Organic Coloring 
Matters” (Longmans, Green and Co., London, 1918). 
* Phillips and Rottsieper, U.S. Patent 2,286,643 (1942). 


* Dalton, L. K., Commonwealth Scientific and Industrial Research 
—_— Division of Industrial Chemistry, Serial No. 6 
). 
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FORTHCOMING EVENTS 
\eetings marked with an asterisk * are open to the public) 
Monday, May |! 


[yIverstTy OF LONDON (at the Institute of Psychiatry, Maudsle 
Denmark Hill, London, 8.E.5),, at 4.30 p.m.—Dr. 


Ln, “Brain Metabolism and ’ activity”. * (Further Lecture on 
May 8 

UsiversiTy OF Lonpon (in the Physiology Theatre, Yaprety 
College, Gower Street, London, W.C.1), at 4.45 p.m. —Prof. 
Haldane, F.R.S. : “Genetics and Biochemistry”. (Further Lectures 


on May 5, 15, 22, June 5, 12, 19 and 26.) 
parish SocreTY FOR THE History oF ScteNcE (in the Lecture 
Science Museum, Exhibition Road, London, 38.W.7), at 


tre 
ee mm.—Anoual General Meeting ; Prof. J. R. Partington: Presi- 
dential Address. 

DEEITUTION or ELECTRICAL ENGINEERS, LONDON STUDENTS’ 
SacTiON at Savoy sues, Victoria Embankment, London, W.C.2), 
at 7p.m.—Mr. K. W. Wardrop : * “Power System Stability’. 


CusmicaL Soctety, OxFoRD SgcTion (in the Physical Chemistry 
laboratory, Oxford), at 8.15 p.m.—Prof. A. R. Peters, F. R.S. : “The 
Riochemustry of Fluoroacetate Poisoning and its Significance” (Alembic 
(ub Lecture). (All Fellows are invited.) 


Tuesday, May 2 


ANTHROPOLOGICAL INSTITUTE (at the Royal Society, 
London, W.1), at 5 p.m.— 
janes: “Religion and Reality’’ (Henry Myers Lecture). 
Usrversity OF Lonpow (in the Physiology Theatre, i gp md 
college, Gower Street, London, W.C.1), at 5.15 p.m. —Prof. H. Hart- 
rdge, F.R.S.: “Some Recent Advances in the Physiology of Vision”’.* 
Ustv ERSITY or LONDON (at Birkbeck College, Bream’s peaem, 
London, E.C.4), at 5.30 p.m.—Prof. Axel S6mme (Bergen): “Physi 
factors influencing the Regional Differentiation of Norwegian Agri- 
cutare’’.* (Further Lecture on May 3.) 


Wednesday, May 3 


Roya, Socrery or Meprctng, History or MEDICINE SECTION 
at! Wimpole Street, London, W.1), at 4.30 p.m.—Annual General 
Meeting Dr. H. Charles Cameron: “Dr. James Price, the Last of the 
\ichemista”’ f. K. J. Franklin: “Fifty Years of Physiology”’. 
INSTITUTION OF ELECTRICAL ENGINEERS, SOUTHERN CENTRE (joint 
necting with the SovTHERN BRANCH of the INSTITUTION OF MECHAN- 
cal ENGINEERS, at University College, Southampton), at 6.30 p.m.— 
Dr. H. I. Andrews: “Electrical Weighing”’. 

BRITISH INSTITUTION OF RADIO ENGINEERS, MERSEYSIDE SECTION 
st the Accountants’ Hall, Derby Square, Liverpool), at 7 p.m.— 
ie. M. Exwood : 


ROYAl! 


Burl- 
ogton House, Piccadilly, , & 


Thursday, May 4 


Royal Soctety (at Burlington House, Piccadilly, London, W.1), 
“4.30 p.m.—Prof. P. W. Bri n, For.Mem.R.S.: “Physics above 
0,000 kg./cm.*”" (Bakerian Lecture). 

Barrish GLACIOLOGICAL Society (at the Royal Meteorological 
Society, 49 Cromwell Road, London, 5.W.7), at 5 p.m. —Discussion 
on “The Proposed New International Snow Classification”. 

CeEMICAL SocteTy, NORTH WALEs Section (joint meeting with the 

UMVERSITY COLLEGE OF NORTH WALES CHEMICAL SoctETY, in the 
Department of Chemistry, University oT: of North Wales, Bangor), 
“3.30 p.m—Dr. EB. J. Bowen, F.R “Light-seattering and 
emistry”” 

INSTITUTION OF ELECTRICAL ENGINEERS, UTILIZATION SECTION (at 
‘voy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.— 
Dr. J. W. T. Walsh: “Evolution of the Lighting Art’’. 

ROYAL AERONAUTICAL Society (at the Institution of Civil Eng- 
ers, Great George Street, London, 8.W.1), at 6 p.m.—Sir Frederi 
Handley Page: Third Louis Bleriot Lecture. 

CHEMICAL SocikTy (at the Royal Institution, Albemarle Street, 
london, W.1), at 7.15 p.m.—Prof. F. 5S. Spring: “Recent Advances 
in the Chemistry of the Steroids” (Tilden vture). 


Friday, May 5 


CrEMICAL SocteTy, SOUTHAMPTON SECTION (joint meeting with the 
Usiversiry COLLEGE CHEMICAL SoctEty, in the Physics Department, 
University College, Southampton), at 8 p.m.—Dr. 8. H. Harper : 
“Recent Synthetical Developments in Pyrethrum Chemistry”. 

British SOCIETY FOR THE History OF SCIENCE, PHILOSOPHY OF 
Scgxce Group (in the Joint Staff Common Room, U niversity College, 
ower Street, London, W.C.1), at ney m.—Prof. P. W. Bridgman, 
ForMem.R.S.: “The Nature of some of our Physical Concepts”. 

GEOLOGISTS’ ASSOCIATION (at the Geological ee. © petnaee 
House Piccadilly, London, W.1), at 6 p.m.—M zzledine 
Warren: “The Clacton Plint Industry, a New Rceeeeatoa” (Second 
Henry Stopes Memorial Lecture). 

RoyaL Statistica Soctery, Lonpon Group of the INDUSTRIAL 
APPLICATIONS SECTION (at the E.L.M.A. Lighting Service Bureau, 
2 Savoy Hill, London, W.C.2), at 6 p.m.—Annual General Meeting : 

D. H. Read: “Experimental Designs and their Practical 
Application”. 

ROYAL INSTITUTION (at Albemarle Street, London, W.1), at 9 p.m. 
~Prof. M. L. E. Oliphant, F.R.S.: “The Generation and Use of 
Atomic Particles’’. 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURER (temporary) IN CHEMISTRY—The Registrar, 
University College, Leicester (May 6). 

LECTURER IN CHEMISTRY in the Department of Metallurgy, County 
Technical College, Wednesbury—The Director of Education, Dept. 
F.E., County Education Offices, Stafford (May 6). 

LECTURER or an ASSISTANT LECTURER IN CHEMICAL ENGINEERING 
~The Registrar, College of Technology, Manchester 1 (May 8). 

ADVISORY OFFICER IN THE MINISTRY OF AGRIOCULTURE—The 
Secretary, Civil Service Commission, Stormont, Belfast (May 9). 

ASSISTANT LECTURER IN THE DEPARTMENT OF PuHYSICS—Tho 

trar, University College, Cathays Park, Cardiff (May 13). 

LECTURER IN ZOOLOGY, LECTURERS (2) and & RESEARCH ASSISTANT 
IN THE DEPARTMENT OF FUEL TECHNOLOGY, and a RESEARCH ASSIST- 
ANT to work on a propane of Smoke Abatement Research to be 
carried out on behalf of the D.S.1.R.—The Registrar, The University, 
Sheffield (May 13). 

LECTURER IN ZOOLOGY—The Registrar, King’s College, Newcastle- 
upon-Tyne (May 13). 

SENIOR ASSISTANT FOR TELECOMMUNICATIONS—The Clerk to the 
Governors, Woolwich Polytechnic, Woolwich, London ,38.E.18 (May 13). 

LECTURER (with special qualifications in inorganic, physical or 
organic chemistry) IN CHEMISTRY—The Secretary, Royal Technical 
College, Glasgow (May 15). 

PROFESSOR OF Puysics (Atomic or Nuclear preferred), and a Pro- 
FESSOR OF PHYSICS (Theoretical preferred), at Farouk I University, 
Alexandria—The Director, Egyptian Education Bureau, 4 Chester- 
fleld Gardens, London, W.1 (May 15). 

RESEARCH FELLOWSHIP IN PURE MATHEMATICS, and an ASSISTANT 
IN THE DEPARTMENT OF MATHEMATIOS—The Secretary, The University, 
Aberdeen (May 15). 

UNIVERSITY GRADUATES with first- or second-class honours in 
Botany (preferably with post-graduate experience in Ecology) for the 
Soil Survey of Scotland, and UNIVERSITY GRapDUATES with first- 
or second-class honours in Mycology for the Department of Soil 
Organic Matter—The Secretary, Macaulay Institute for Soil Research, 
Craigiebuckler, Aberdeen (May 15). 

ASSISTANT CURATOR IN THE ROYAL BOTANIC GARDEN, Edinburgh— 
The Secretary, Civil Service Commission, 6 Burlington G ns, 
London, W.1, quoting No. 3050 (May 18). 

ASSISTANT LECTURER IN THE BIOLOGY DEPARTMENT—The Dean, 
Guy's Hospital Medical School, London, 8.E.1 (May 18). 

SENIOR SCIENTIFIC OFFICER at the Atomic Energy Research 
Establishment, Harwell, for work on X-ray crystallography—The 
Secretary, Civil Service Commission, Scientific Branch, 7th Floor, 
Trinidad House, Old Burlington Street, London, W.1, quoting No. 
3066 (May 18). 

ASSISTANT LECTURERS or LECTURERS IN CHEMISTRY, APPLIED 
MATHEMATICS, ECONOMICS, ANIMAL HUSBANDRY, VETERINARY 
ANATOMY, and AGRICULTURAL ORGANISATION AND ECONOMICS, 
at the Gordon Memorial College, Khartoum—The Secretary, 
Inter-University Council, 1 Gordon Square, London, W.C.1 
(May 20). 

SENIOR SCIENTIFIC OFFICER or SCIENTIFIC OFFICER as CHEMIST, 
and a SCIENTIFIC OFFICER as BIOLOGIST, at the Brown Trout Research 
Laboratory, Pitlochry—The Establishment Officer, Scottish Home 
a Room 364, St. Andrew's House, Edinburgh 1 
(May 21). 

SENIOR SCIENTIFIC OFFICERS or SCIENTIFIC OFFICERS (one to carry 
out research on the physiology and behaviour of bees, including both 
solitary and social species, and one for research on adult bee diseases), 
and an E..PERIMENTAL OFFICER to assist in research on the behaviour 
of solitary and social species of bees—The Secretary, thamst ed 
Experimental Station, Harpenden, Herts (May 23). 

CHAIR OF CIVIL ENGINEERING—The Secretary, The University, 
Birmingham 3 (May 24). 

FOREST PATHOLOGIST at the Forest Research Station, Alice Holt, 
Farnham, Surrey—The Secretary, Civil Service Commission, 6 Burl- 
ington Gardens, London, W.1, quoting No. 3045 (May 25). 

CHAIR OF THEORETICAL PuYSICS at King’s College, Newcastle- 
upon-Tyne—The Registrar, University Office, 46 North Bailey, 
Durham (May 27). 

SENIOR KESEARCH OFFICER (Ref. No. 2792) to participate in a 

lot-scale investigation of the gasification of low-rank coals in fluid 

, and a SENIOR RESEARCH OFFICER (Ref. No. 2793) to undertake 
theoretical studies of coal gasification processes, in the Division of 
Industrial Chemistry, Fishermen's Bend, Melbourne—The Chief 
Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 
a, Kingsway, London, W.C.2, quoting the appropriate Ref. No. 
(May 27). 

ASSISTANT LECTURER IN ENGINEERING (Mechanical)—The Registrar, 
University College, Cathays Park, Cardiff (May 31). 

DIRECTOR OF THE WELSH PLANT BREEDING StaTiION—The Regis- 
trar, University College of Wales, Aberystwyth (May 31). 

ENTOMOLOGIST and a JUNIOR PLANT BREEDER to the B.W.I. Cocoa 
Research Scheme at the Imperial College of Tropical Agriculture, 
Trinidad—The Secretary, Imperial College of Tropical Agriculture, 
40 Norfolk Street, Londen, W.C.2 (May 31). 

LECTURER or ASSISTANT LECTURER IN MATHEMATICS, with special 
qualifications in Applied Mathematics—The Registrar, University 
College of Wales, Aberystwyth (May 31). 

LECTURER IN ENGINEERING (with an honours degree and industrial 
or research experience in Mechanical Engineering)}—The Secretary, 
The University, Aberdeen (May 31). 

RESEARCH OFFICERS (Scientific Officer e) for work on (a) 

tatoes and (6) sugar beet—The ae lant Breeding Institute, 

hoo! of Agriculture, Cambridge (May 3 

SENIOR LECTURER IN FLUID \ — a OR IN HEAT ENGINES 
in the Department of Mechanical Engineering, University of Adelaide 
—The Secretary, Association of Universities of the British Common- 
wealth, 5 Gordon Square, London, W.C.1 (May 31). 

























































































696 


SENIOR LECTURER IN PURE AND APPLIED MATHEMATICS at the 
Rhodes University College, Grahamstown—The Secretary, Associa- 
tion of Universities of the British Commonwealth, 5 Gordon Square, 
London, W.C.1 (May 31). 

SENIOR LECTURER Or LECTURER IN CHEMISTRY, and a LECTURER or 
ASSISTANT LECTURER IN ANATOMY, at the University of Malaya— 
The Secretary, Inter-University Council for Higher ucation in the 
Colonies, 1 Gordon Square, London, W.C.1 (May 31). 

Sexton L&SCTURERS AND LECTURERS IN MATHEMATICS, BOTANY, 
ZOooLoey, CHEMISTRY, PHYSICS, ARCHROLOGY, at the University 
College of the Gold Coast—The Secretary, Inter-University Council 
for Higher Education in the Colonies, 1 Gordon Square, London, 
W.C.1 (May 31). 

SENIOR PROFESSIONAL OFFICBR FOR PHYSICAL METALLURGICAL 
INVESTIGATION AND RESBARCH, including Industrial X-Ray Investiga- 
tion, at the Government Metallurgical Laboratory, University of the 
Witwatersrand, South Africa~--The Secretary, Association of Univer- 
sities of the British Commonwealth, 5 Gordon Square, London, W.C.1 
{May 31). 

District (Forest) OrrtceR in the Forestry Commission, for service 
in Great Britain—The Secretary, Civil Service Commission, 6 Burling- 
ton Gardens, London, W.1, quoting No. 3041 — 1). 

ELLISON FELLOWSHIPS (3) for post-graduate research in Chemistry 
or Physics—The Registrar, The University, Sheffield (June 1). 

Sextor and JuNIOR FELLOWSHIPS—The Director, Atomic Energy 
Research Establishment, Harwell, Didcot, Berks (June 1). 

TOOKE CHAIR OF ECONOMIC SCIENCE AND Statistics at the London 
School of Economics and Political Science—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (June 1). 

AGRONOMIST to the Rubber Research Scheme (Ceylon)—The Chair- 
man, London Advisory Committee for Rubber Research (Cey‘on -” 
Malaya), Imperial Institute, South Kensington, London, 5.W. 
June 15). 

. ASSISTANT KEEPERS (3, Class IT) at the Victoria and Albert Museum 

The Secretary, Civil Service Commission, Burlington Gardens, 
London, W.1, quoting No. 3064 (June 15). 

JoHN MURRAY TRAVELLING STUDENTSHIP IN OCEANOGRAPHY AND 
LimNoLOGY—The Assistant Secretary, Royal Society, Burlington 
House, Piccadilly, London, W.1 (June 24). 

DEWONSTRATOR IN THE DEPARTMENT OF MBTALLURGY—The 
Registrar, University College, Cathays Park, Cardiff (June 30). 

DIRECTOR OF THE SOUTH AFRICAN COUNCIL FOR SCIENTIFIC AND 
INDUSTRIAL RESEARCH BITUMINOUS PAVING RESEARCH UNIT, Pretoria 
ny South African Scientific = Officer, Africa House, Kings- 

London, W.C.2 (Pretoria, July 

“e HAIR OF PHILOSOPHY at Victoria VJaiversity College, Wellington, 
New Zealand—The , Association of Universities of the 
British Commonwealth, 5 Gordon Square, London, W.C.1 (July 31). 

ASSISTANT LECTURER (woman) IN CHEMISTRY at B Tech- 
nical College—The Director of Education, Town Hall, Bradford. 

ASSISTANT MBCHANICAL ENGINEER, preferably with experience in 
heavy engineering, an ASSISTANT FURL TECHNOLOGIST, with experience 
in connexion with high-temperature furnace operation, a TECHNICAL 
ASSISTANT (Electrical), preferably with experience in light electrical 
engineering or electronics, a TECHNICAL ASSISTANT (Civil), preferably 
with the ability to undertake statistical and other mathematical com- 
putations, and a TECHNICAL ASSISTANT (Fuel Technology), prefer- 
ably with experience of high-temperature furnace operation— 
The Personne! Officer, British [ron and Steel Research Association, 
11 Park Lane, London, W.1, endorsed “Plant Engineering 

ENTOMOLOGIST in a team to carry out research on —* in Cyprus 

~The Under-Secretary of State (Research Department), Colonial 
Office, Sanctuary Buildings, Great Smith Street, London, 5.W.1. 

GRADUATE to assist in biochemical research—The Director, Special 
Unit for Juvenile Rheumatism, Canadian Red Cross Memorial Hospital, 
Taplow, Bucks. 

LECTURER IN [NORGANIC CHEMISTRY, an ASSISTANT LECTURER 
ry ORGANTIO CHEMISTRY, a DEMONSTRATOR IN ORGANIC CHEMISTRY, 
and a DSMONSTRATOR IN PHARMACEUTICS—The Kegistrar, The 
University, Nottingham. ° 
}- LECTURERS IN PrYstcs, to teach to B.Sc. (Special) Degree standard 
of the University of London, a LEcTURER IN BOTANY to teach to B.Sc. 
(Special) Degree standard, and a LECTURER IN CHEMISTRY to teach 
to Intermediate and Final B.Sc. Degree standard—The Clerk, Northern 
Polytechnic, Holloway, London, N.7. 

SENIOR ASSISTANT IN THE DEPARTMENT OF . "© Cardiff 
Technical College—The Director of Education, City Hall, Cardiff. 

STATISTICIAN (with good honours degree in economics or mathe- 
matics, with statistics) to undertake a Statistical analysis of the re- 
sponses of tropical crops to fertilizers, at the Rothamsted Experi- 
mental Station, Harpenden—The Under-Secretary of State, Colonial 
Office, Research Department, Sanctuary Buildings, Great Smith 
Street, London. 8.W.1. 


REPORTS and other PUBLICATIONS 
luded in the 'y Books Supplement) 


Great Britain and Ireland 


The New Naturalist. No. 6: East Anglia. Pp. 52. 
Glasgow : Wm. Collins, Sons and Co., Ltd., 1950.) 6s. 
British Hydromechanics Research Association. Second Annual 
Report, October 1948 to September 1949. Pp. 24. (London: British 
Hydromechanics Research Association. 1949.) {191 
Hull Bulletins of Marine Ecology. Vol. 2, No. 14: Continuous 
Plankton Records—The Distribution of Calanus finmarchicus (Gunn) 
and its Two Forms in the North Sea, 1938-39. By C. B. Rees. Pp. 215- 
276. (Hull: egy ere g 1949.) 7s. {191 
British Standard 1598 4 a Materials for Telecommunica- 
tion and Allied Purposes. 4s. net. British Standard 1615: 
1949, Anodic Oxidation Finishes for Aluminium and Aluminium 
Alloys. Pp. 23. 38. net. (London: British Standards mee | 


1949.) 





(London and 
[191 


NATURE 


April 29, 1950 vol. 145 


Aslib Guides to Sources of Information in Great Brita; 
my and Allied Interests. Pp. ili+50. (London: 
12s. 6d. net; 10s. to Aslib members. 

Microscopic Staining Techniques, No. 1. Compiled and 
— Gurr. Pp. 24. (London: Edward Gurr, Ltd 
s 

Report of the Medical Research Council for the Years | 
(One. 7346.) Pp. 283. (London: H.M. Stationery Office, | 


net. 
Weather News Front: a bi-monthly Newsletter on the \ 
Written by David Bowen. No. 1, January— February 1950 
(London: David Bowen, BCM/ Weather, 1950.) 5s. per i 1 
Department of Scientific and Industrial Research. Report of the 
Food [nvestigation Board with the Report of the Director of Food 
Investigation for the Year 1948. iv+26. (London: HM 
Stationery Office, 1949.) 9d. net. 301 
British Gelatine and Glue Research Association. Annual R port 
for the Year October 1948 to September 1949. Pp. 8. (London: 
British Gelatine and Glue Research Association, 1949.) Ol 
National Smoke Apotemens Society. Proceedings of the Harrogate 
Conference, 1949. FP. 76. (London: National Smoke Abatement 
Society, 1949.) 42. 
rtment of Scientific and Industrial Research. Food Invest; 
flet No. 11: The Freezing and Cold-Storage of _— By in 
G. A. Reay, Dr. A. Banks and Dr. C. L. Cutting. Pp. 20. (London: 
H.M. Stationery Office, 1950.) 6d. net. (30 


i5-] 


~, 
‘each 


Other Countries 


Government of India : ~~ Ee Department. Report on the 
Administration of the Meteorological Department of the Government 
of India in 1948-49. Pp. 64+9 plates. (New Delhi: Government of 
India Press, 1949.) (121 

Indian Central Jute Committee. Agricultural Research Memoir 
No. 5: The Genetics of Corchoris (Jute), Part 4, Inheritance of Two 
New Anthocyanin i Patterns. By R. L. M. Ghose, K. R. 
Rao and 8. Ghosh. 25+1 7 (Calcutta: Indian Central — 


Committee, 1947.) LS ru [12 

Summary Tables of Bio ical Tests. Sponsened by the Chemical 
Biological Coordination Center. Vol. 1, No. 1. vi+58. Vol. 1, 
No. 2. Pp. vi+69-121. (Washington, D.C.: National Research 
Council, 1949.) (191 

Philosophy, Language and Scepticism : [naugural Address delivered 
in Pietermaritzburg on 6th October 1949. By Prof. D. J. O'Connor, 
Pp. ii+15. (Pietermaritzburg : University of Natal, 1949.) 

The Zoology of Iceland. Vol. Part 20a: O 
bricidw. By Helge O. Backlund. ‘Bp. 15, 1.50 kr. 
Amphineura. By Jorgen Knudsen. Bp. ti Ay kr. Vol. 4, Part 62: 
Scaphopoda. By Jergen Knudsen. Pp. yg 75 kr. Vol. 4, Part 63: 
Marine Bivalvia. By F. Jensenius Madsen. *pp. 116. 11 kr. Vol. 4, 
Part 72: Marine Pisces. By Bjarni Saemundsson. + 150. 14.25 kr. 
(Copenhagen and Reykjavik: Ejnar Munksgaard, 1949.) (191 
a estern sae . 7 Ay of —, Mineral Resources of 

estern Australia, Bulletin No. 4: The Dandaragan Phosphate 
Deposits. By R. 5. Matheson. Pp. 64+11 plates. (Perth: Govern- 
ment Printer, 1948.) {191 

Public Library, Museum and Art Gallery of Western Australia. 
Special Publication No. 1: A Systematic List of the Birds of Western 
Australia. By H. M. Whittell and Dr. D. L. Serventy. Pp. vi+126. 
(Perth: Government Printer, 1948.) 

Sudan Government: Wellcome Chemical Laboratories. 
the Government Analyst for the Year 1948. Pp. 10. ‘ 
Wellcome Chemical Laboratories, 1949.) 

Forestry Bulletin No. 1, New Series: Forest Products of British 
Guiana, Part |, Principal Timbers. By D. B. Fanshawe. Pp. 101. 
Forestry Bulletin No. 2, New Series: Forest Products of British 
Guiana, Part 2, Minor Forest Products. By D. B. Fanshawe. 
iii+70. (Georgetown: Forest Department, 1948.) (19 | 

Prace Obserwatorium Geofizycznego w Swidrze (Travaux de !|'Obser- 
vatoire Géophysique & Swider.) Nr. 12: Zdjecie magnetyczne anomalii 
Warszawskiej (Le levé magnétique de l'anomalie de Varsovie). Napsal 
Ewa Kalinowska-Widomska, Pp. 38. (Swider: Obserw se 
Geofizycznego, 1949.) 

Fouad [I University: Faculty of Science. Annual Report, bare 
1948. Pp. v+32. (Cairo: Fouad I University, 1949.) (241 

Report on the Demonstration by Dr. J. uels at Amsterdam, on 
Saturday, 17th September, 1949. Pp. 16. (Amsterdam: Dr. J. 
Samuels, 1949.) (301 

Report on the Working of the Lady Tata Memorial Trust (Inter- 
national Section) from 1933 to 1947. Pp. iii+53. (Bombay: Lady 
Tata Memorial Trust, 1949.) (30) 

United States Department of Agriculture. Circular No. 815: 
Alfalfa Weevil ae and Crop e in the United States, 
By J. C. Hamlin, W. C. McDuffie and F. Lieberman. Pp. 21. 
(Washington, D.C.: Government Printing Office, 1949.) (301 

Smithsonian Miscellaneous Collections. Vol. No. 14: The 
Abbot Silver-Disk Pyrheliometer. By L. B. Aldrich. (Publication 
3991.) Pp. ii+11+1 plate. (Washington, D.C.: Smithsonian 
Institution, 1949.) 301 

Canada: Department of Mines and Resources, Mines, Forests and 
Scientific Services Branch. Geological Survey Bulletin No. 13: Upper 
must Cretaceous and Paleocene Floras of Western Alberta. By W. A. 
Bell. Pp. v+231 (67 plates). (Ottawa: King’s Printer, 1640.) 


dollar. 
—Christian or Pagan 


Hungary By Kenneth Leslie. Pp. 
(New York: New Christian Books. 


1949.) 25 cents. 


ii +30, 
{301 


Catalogues 


Vol. 7, No. 4. pneu 1949. Pp. 22. Vol 
The Rohm ey Haas 


Pp. 4 


Rohm and Haas Reporter. 
7, No. 5, October 1949. Pp. 26. (Philadelphia 
Company. 1949.) 
— Quality and Yield of Lucern \ ed with Borax. 
(Lon Borax Consolidated, , 1956 
Murex Review. Vol. 1, No. 5. Pp. 77 100. (Rainham: Murex, 
Ltd., 1949.) 








